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The Black Hills of South Dakota and adjacent Wyoming are a 
unique copographic feature tvithin the Great Plains, appearing as an 
'island' wit:hin a sea of prairie (Fig. 1). Tl1e Hills are an asymmetri­
cal dome of int=usi�e igneous material �ithin metamorphic host rock with 
outlying sedimentary strata. The massive dome rises over 1,200 meters 
above the surrounding plain, thus creat�ng an orographic uplift 0f air 
masses which results in greater precipitation than on the �lains below. 
Increased precipitation, coupled with cooler temperatures and reduced 
evapotranspira�ion in the Black Hills supports an extensive fcres�ed 
ecosystem. This environment is a stark contrast to the surrounding 
semiarid nearly treeless Great Plains. 
Landscapes in the Black Hills are separated into distinct 
geomorphic regions. The oldest exposed stratum is a centrally 
positioned crystalline core. Concentric rings of successively younger 
sed�rnentary material ac various elevacions surround this core. Unique 
soils have deve l oped on these landscapes due to differences in parent 
material, climate, flora, copography, and time. A l fis o l s dominate 
forested sices chroughou: most of the Hills. Incepcisols and Entisols 
have dev eloped locally on fringes of che Black Hills at lower elevacions 
and/or drier sites under sparse overscory canopies in �pland positions. 
N 0 so lOOKM 
Figure 1 .  HCMM (Heat Capacity Mapping Mission) high altitude 
night photo of the Black Hills r�gion. The Black 
Hills is the darkened area near the center. 
2 
Mo l l is o l s occupy ripar ian zones, f o r e s t ed d r aw s ,  and at h ighe r 
e l evations , t h e  open prairies and parks .  
3 
Distinct plant communities r em in i s c en t  o f  g e o g r ap hica l ly 
r emoved forested ecosystems thr ive w i thin the Hills. Variability is 
pr imar i ly dependant on c l imat i c, pedo l o g i c, and geomo rph i c  d i ffe r ences.  
Ne a r ly one t h i rd o f  the Black Hills consists of op en parks , s tream 
meadows , and p r a i r i e s . P l an t  communitie� in the non fo r e s t ed a r e a s  
typ i fy true p r a i r i e  at l ow e r  e l evations and mesic flora at higher 
elevat ions. 
The fo r e s t is dominated by Pinus pond e r o s a ( pond e ro s a  p in e ) . 
Pure  and m ixed s t ands of other conife=ous and d eciduous s p e c i e s  g row 
w i thin or adjacent to pond e rosa pine but are no t extensive. This p in e  
i s  ext ens ive l y  harves t ed f o r  t imbe r  and roundwood products. As a 
resu lt , mos t s tands a r e  s e conda ry growth . 
Silvicultural management applied by t h e  Un i t ed States Forest 
Service (USFS) utilizes a system of intermediate thinn ing cuts rather 
than cl ea rcut t ing . This practice results in a r ich und e r s t o ry of 
veget ation suppo r t ing signif ican t  w ildl i fe po pu l at ions. In 1980, 
62,000 dee r w e r e  e s t imat ed to be present w i t h in the Black Hills. Tne 
understo ry , in conj unct ion �ith the adjacen� open parks and s t r e am 
meadows, also suppo r ts ano t h e r v a l uab l e  res ou rce - the livestock 
industry. Over 29,000 catt l e grazed nearly 486,000 h e cta r e s  o f  Black 
Hills National Forest g r azing a llo tment s in 1980, totalling approxi­
mate l y 128,000 AC�s (animal unit months) seasonally. Howe v e r , only 
194,000 hectares cf forest are c l ass i f i ed as s u i t ab l e  fo r gr azing. 
4 
Th inning p in e  s t ands is expect ed to improve forage p roduc t ion on ne a r ly 
one h a l f  o f  t h e  g r az a b l e  wood l and . 
Acro s s  t h e  B l ack H i l l s , t h e  und e r s tory forage v a l u e  v a ri e s  both 
qua l it at ive ly and qu an t i t at ive l y .  As a r e s u l t, d i f f e r en c e s  in 
·und e rs to ry p roducc ion and g r az ing po t ent i a l  w i t h in the fo r e s t are not 
w e l l  und e r s tood . 
I n  t h i s  s t udy, the pr im a ry obj e c t i v e s  we r e  co : 
( 1) Dev e lop y i e l d  p r edict ion mode l s  and equat ions for 
und e r sco ry p r oduct ion on some B l ack Hi lls so i l s . 
( 2 )  Charact e r ize soi l s , und e r s tory veg e t at i o n , s i t e , and 
for es c ind i c e s . 
(3) I n co rpo r a t e  bocan i c a l  in fo rmat ion in to y i e l d mod e l s  
to predict gr a z i ng potential en cho s e s o i l s  
s t ud i ed .  
As a r e s u l t  o f  t h i s  scudy , mor e  accurate s i t e-s p e c i f i c grazing 
pocent i a l  on fo r e s t ed so i l s can be pred i c t ed by l and managers within 
the B l ack H i lls . So i l  mapp ing units from the Cus t e r -Penn ington 
Counties, B l ack H i lls P a r t s  So i l  S urv ey c an b e  us ed to e s t imat e g raz ing 
potentia l s  on tho s e so i l s i nves t ig a t e d . G r azing potentials on othe r 
s imi l ar so i l s inc l uded in t hi s  survey and ot h e r  publ i s h e d  so i l  surveys 
f rom s ur round ing count i e s  c an be extrapolated us ing t hos e 1�put s  found 
to be mos t important to predict yie l d . Wood l and g raz ing information c an 
b e  incorporaced inca so i l  in t erp rec ive t ab l es inc luded i� the Cus t e r-
Pennington Counties, Black Hills Parts Soil Survey Report. Soil 
Conservat ion Service (SCS) Woodland Grazing Technical Griides for the 





Geog r aph i c  S e tting 
·Th e Black H i l l s a r e  s i tu at ed in ext reme �ves t - c e nt r a l  S out h Dakot a  and 
ov e r l ap in to Wyom i ng ( F i g . 2) . Th e a r e a  is not ext ens ive , s t r etch ing 
120 m il es no rt h - so u th and 60 m i l es eas t -we s t .  It ext ends from 44 
d egre e s  30 minu t es to 43 degrees 30 minut e s  l at i tude and 103 d e g r e es t o  
104 deg r e es longitude, ccve r ing a n  a r ea o f  3,441 s quare m ile s (Dar t on 
and Paige 19 2.5) . 
The Black H i l l s r is e  s eve r a l  t hous and f e e t  above t h e  s urround ­
ing pla i ns , r e aching a maximum e l evat ion o f  7,241 f e et a� Harney Peak. 
The �entra l p a r t  (C entra l  Crys t a lline Co re ) is dominat ed by s ca t t e r ed 
rocky r idges and groups of mountains, mostly 5,000 t o  6,000 feet in 
e l evat ion and inte r s p e rs ed w i t h  p a rk l ike valleys. Enc ir cling t h e  
cent r a l a r e a  is a sed iment a ry p l at eau (L imes t one P lat e au) wh i ch i s  
�xt ens ive en the wes t e rn p o r t ion but n ar.rows d r as t i cally on t h e  e a s te rn 
side . A la rge po r t ion of the wes t e rn p l at e au r is e s above most o f  the 
c en t ral a r e a , with peaks over 7,100 feet. A r ec es s e d  val l ey , known as 
the Re d Valley or Rac etrac k, ne ar ly encircles the plat e au around the 
periphery of the B Jack Hi l l s .  The valley ave r ages one to t wo m iles in 
widt h and r an�e s  from 3,300 to 3,500 fe e t  in elevation . A s ingle -
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cres t ed hogback ridge (Dakota Hogback) , ranging from 3,900 t o  4,8 0 0  fee t 
elevation , forms the outer rim o f  the Hills (Dar ton and Paige 1925). 
Re fer to the physiographic map of the Black Hills (Fig. 3). 
Str e am cours es a r e  patte rned in a r ad i a l  d r ainage system, 
cutting through the per ipher a l  l ands cap e  fea t u r e s  at near l y right ang l e s  
( F ig. 4 ). Most streams dr a in into the Cheyenne River, wh ich f l ows 
around t h e  wes t e r n, s ou t h e rn , and eas tern margin of the Hil l s . O n  the 
no r t h, s t r eams f e e d  into the Belle Fourche R i ve r , wh i c h  lat e r  emp t i e s  
into the Cheyenne to the e ast . (Fe l dm an and Heimlich 1980). 
Geomor phology 
The geomorph ic expression of any a r ea is dynamic_ and�. controlled 
by it s climate, nature of underly ing r o cks , and geo l o g i c  s tructure of 
the rocks (Heimlich and F e l dman 1980 ) . 
Climate 
The climate of the B l ack Hill s is semi arid to semihumid continental 
(Feldman and Heimlich 1980). Annual precipitation ranges from 14 inches 
on the margins to nearly 30 inches in northern portions, genera l ly 
increas ing w i t h  e l evat ion . Climatic var i a t ion can be ex�reme (Hayward 
1928 , Orr 1 9 5 9 ) .  Typica l of con t inent a l cl imat e s , mo s t p r ecip i t ation 
falls during the summer months in relatively s h o r t  c l o u dbu r s ts .  Sixty 
Figure 3 .  Geomorphic regions of the Black Hills. Major rivers 
and towns are given for reference. (After Feldman 
and Hei�lich, 1980) 
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Figure 4 .  Radial drainage pattern of the Black Hills, including 
major rivers . Towns are given for reference. (After 
Feldman and Heimlich 1980) 
1 0  
1 1  
percent o f  the annual precipitation falls during late spring and early 
summer. 
Temperature fluctuations are extreme, exceeding 1 0 0  degrees 
fahrenheit during summer and occasionally dropping to -40 degees in 
winter (Feldman and Heimlich 1980). However, frequent thermal 
inversions during winter moderate temperatures. High elevations in the 
central core and high limestone areas average 68 degrees fahrenheit in 
summer and 22 degrees in winter. Average annual air temperature ranges 
from 41 to 45 degrees (Radeke and wes t in 1963). Relatively sharp and 
angul ar land forms have 
·
resulted from the dominance o f  the physical 
weathering processes o f  abrasion and freezing and thawing found in this 
type of climate (Feldman and Heimlich 1980). 
Geologic Material 
The Black Hills uplift is believed to be a succession of independent 
uplifts extending over vast periods o f  geologic t ime. The last major 
uplift occurred during the late Cretaceous period, producing the 
irregularly shaped anticline currently recognized: As a result, 
stratigraphically lower beds o f  Pre-Cambrian schists, slates, conglom­
erate, quartzites, limestones, granites, and associated rock have been 
significantly elevated above the Plains. Surrounding this material is a 
nearly complete upturned sequence o f  successively younger sedimentary 
formations which d�p outward toward the margin o f  the Black Hills 
(Darton and Paige 1925). 
12 
The Pre-Cambrian rocks comprising the central cor e  a r e  divided 
into the no rthe r n  region of metamorphic rock and the south central 
region of g ranitic r ock (Feldman and Heimlich 1980). Over 95 percent o f  
the co r e  i s  metamorphic in nature while other a reas a r e  int rusive 
·post-metamorphic granite and pegmatites exposed within the metamorphic 
host rock (Redden 1968).-
The younger sedimentary strata consist of va rious limestone, 
sandstone, and shale formations concent rically positioned around the · 
core. 
Geologic Structure 
The structural assymetry of the Black Hills is due to a difference in 
ve rtical movement of the eastern block relative to the western block. 
These blocks a r e  separated by a monocline along the South Dakota-Wyoming 
border .  G reater ve rtical movement of the easte rn block resulted in a 
greater dipping angle of the beds on the eastern flank of the central 
core. The easte rn flank has consequently undergone mor e  extensive 
down-cut�ing and stripping, exhibiting a more rugged topography compared 
to the more gently dipping western flank. Earlier folding and faulting 
of the metamorphic material p rior to sedimentary deposition and granitic 
intrusion accent�ates the mo re rugged topography (Feldrna� and Heimlich 
1980). 
Sedimentary mater ial contacting the metamorphic and igneous 
core is most evident by the presence of limestone cliffs which form the 
1 3  
inn e r  es carpment o f  the concen t r i c s ed imentary p la t eau (L imes t one 
P la t eau ) . A l though the h i ghes t p eaks in the B lack H i l l s are l o cat ed in 
zones o f  int rus i v e  i gneous dom ing w i th in the c en t ra l  z o n e, the ext ens ive 
wes t e rn s e c t o r  o f  t h e  s ed imentary p lat eau ave rage s  o ve r 6,200 f ee t. The 
eas t e rn s e c t o r  i s  much nar rowe r  and l owe r in eleva t ion due t o  the 
g r e at e r  d ipp ing ang l e  and weath e r ing o f  the eas t e rn f lank (Fe l dman and 
H e im l i ch 1980). The Pahasapa l imes t one and N inne l us a  s ands tone 
fo rma t ions fo rm the plat eau whi l e  the M inn ekahta limesto n e  fo rmat ion 
"ho l ds up" the o u t e r  edge . Ad j acent to the � i nn ekaht a  i s  the gen e ra l l y  
f lat - bo t t omed R e d  Va l l ey o r  Rac e t rack . H i gh l y  w eat h e rab l e  red sandy 
s ha l e  o f  the Spea r f is h  f o rmat ion unde r l i e s  t h i s  conc ent r ic va l l ey wh ich 
nea r l y  enc i r c l e s the ent i r e  inn e r  po rt ion o f  t h e  B lack H i lls (Da r t on and 
Pa i g e  1925, Fe l dman and He im l ich 1980). 
The Sundance , Lako ta , and Fa l l  R iv e r  sands t on e s  and sha l es ar e 
the majo r fo rmat ions t hat co l l ec tive l y  f o rm che hog ba ck r idge (Dako ta 
Hogback ) . This hogback is adjacent to the out e r  edge o f  the S p ear f ish 
fo rma t ion. �ad e u p  mos t ly of r e s i s tant carbonac eous s ands t on e s , the 
Lakot a  and Fal l- Rive r  ( Dakota ) fo rmat ions cap the ho gback , wh i ch f o rm s  
the out e r  r im o f  the ent i re reg ion o f  upl i f t  (Da r t on and Paig� 1925, 
F e l dman and H e iml i ch 1980). R e f e r  t o  the B lack H i l l s G e o l cg i c �1ap 
(Fig. 5). 
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lPrecambrian igneous rock; 
mainly granite and pegma­
tite. 
2Precambrian metamorphic 
rock; mainly schists, 
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Sundance and Morrison 
formations. 
8Tertiary igneous rock; 
mainly porphyries, 
quartz monzonite, and 
rhyolite. 
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Figure 5. Major geologic formations of the Black Hills.(After 
Geologic Map of the Black Hills, U. S. Geological 
Survey) 
Pedology 
So i l  form ing f a c t o r s  in t h e  B l ack H i l l s contras t t o  tho s e 
t yp i c a l l y r e s pons i b l e  f or s o i l  deve l opment w i th i n  the Northern G r e a t  
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P l a in s . The w id e  v a r i e ty o f  p a rent mat e r i a l s , dive r s e  t o p o graphy, 
p r edo m inant ly fo r es t ed e c o sys t em, and a coo l e r , mo r e  hum i d  cl imat e have 
p l ayed ma j or r o l es in s o i l  deve l opment . P ar ent m a t er i a l s  and t h e  
c l imatic f a c t or h a v e  b e en p r ev i ous ly des cr ib ed und er t h e  s ect ion 
Geomo roho l ogy . r1os t s o i l s have f o rmed in r e s iduum and l o c a l  a l l uv ium 
d e r ived from Pre c ambr ian t o  Te rt i ary geo l o g i c  age m a t eria l s  ( Radeke and 
We s t in 1963) . Sand and g r ave l t erraces oc cupy var ious l y  e l e v a t ed 
po s i t ions w i t h in large va l l eys (Darton and P a i g e  1925). Howe v e r, ther e 
i s  no e v idenc e of g l a c i a t ion dur ing P l e i s t oc en e  t im e s  in t h e B l ack H i lls 
s ince va lleys do not exemp l i fy the U - s hap e t yp i ca l l y  as s oc i at ed �¥i th 
g l ac i a l  c a rv in g . 
The H il l s  exhib i t  a d iv erse topography , r an ging from leve l t o  
v ery s t eep . In t h e  Centr a l C rys t a lline Core, t opogr aphy i s  c h aract er -
i z ed b y  g roup s  o f  rugge d  moun t a ins wh i l e  s l opes  on t he h i gher p ar�s o f  
the Lime s tone P l at e au are gent l y  undu l a� ing t o  ro l l ing w i t h  gen t l y  
s l op ing va l l eys . The s outh and e as t  s egment s o f  the p l at e au are 
d i s s e cted by s t e ep canyons at c l o s e int erva l s , cre ating n ar row and rocky 
d iv ide s . The R e d  Va l l e y  i s  n e ar ly l e vel t o  st rong ly s l op ing whi l e  t h e  
Dako t a  Hogb a ck is s t e e p  on t h e  ins ide but mo r e  gent l y  s loping on th e 
out er side (Radeke �nd Wes t in 1963). 
16 
S o i l s  o f  t he B l ack H i l l s have predominent ly d eve l oped in a coo l 
and mois t  fores t ed environment. Con ifers dominate the fores t a l though 
several broad l ea f  s pec i e s  are a l so pres ent. Ponderos a p ine grows in 
t h ick and v i gorous s t ands in the nort hwe s t port ion of t he Limes t one 
·Plateau and in the Centra l Crys t all ine �ore. S outhern s e gme nt s o f  t he 
Limestone P l a t e au and the Dakota Ho gback have l es s  v igorous s tands of 
tre es and more o pe n  grassed areas intermin g l ed with pine forests. The 
Red Va l l ey is  p r e d o min a nt ly in g r as s  exce p t  for a f ew p in e s  and j un ipers 
(Radeke and Wes t i n 1963). 
The earl i e s t  comp r eh ensive pe do l og i c investigat ion in the Black 
Hills a r e a  was conduct ed by Radeke and Wes tin ( 1963), who studied maj o r 
portions and found the same gene r al mor phology a c ros s f o r es t e d  s o il s .  
The main dif ferences were mani fested in horizon thickness and occas ional 
p r esen c e  of a n  A l  (A) horizon . Particle size d is t r ibut io n d a t a  for 
profil�s samp l ed show ed s t rong c l ay illuviat ion i n  t he B2 (B) horizon. 
C lay co nte nts in the B2 were two to three t im e s  gre a ter than the A2 (E) 
horizon . Profile reactions were neutra l t o  strongly acid un l es s  
unde r l ain by calcareous s ed im e nt s .  Bas e  saturation within profiles 
ranged from 70 per c e nt in s o me A horizons to 100 pe r c e nt in l ow er B 
horizons . Organic carbon cont e nt o n  the sur fa ce was less than 1 perc ent 
when Al horizons w e r e  absent , but contained two to thre e  pe r c e nt whe n 
pr e s e nt (Ra d e ke and Wes tin 1963). 
The gen era l mor pho l o gy o f  the soils found were as follows: 
0 1 (0e ) F laye r 1 - 2 inches  thick . Fo r e s t l i t t e r , pa r tia l l y 
decompo s ed . 
02 (0a ) H laye r 1 - 2 in ches t h i ck . De compos ed f o r e s t l it t e r . 
A 2 ( E) 
B2t&A2 ( B/E) 
B2t ( B t) 
3 - 1 5 inches thick . G ray l oam o r  s i l t l oam; 
weak p laty st ruc ture; ve ry f riab l e  mois t . 
2 - 9  inches th i ck . B rown l oam t o  si l t y c l ay 
l oam� mode r at e  f ine b l o cky st r u c t u r e; 
b l ocks o ft en coaced with g ray dus t, 
f r iab l e moist . 
5 - 26 inches  t h i ck .  B rown c lay l oam t o  c lay� 
mod e ra t e  to s crong b l o c ky s t ruc t u r e� ve ry 
firm mois t . 
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Radeke and Wes t in concluded that the ge n e ra l  mo rpho l ogy app roxima t e d  the 
G r ay Wooded G r eat Group (Tho rpe and Smith 1949 ) . The c e ntra l concept o f  
G ray \vooded soi l s  was common l y  found in the cen t ra l  a r ea o f  the B l ack 
Hi l l s on p lane to concave timber ed s l opes in co l l uv ia l -a l l uvia l 
po sit ions b elow r o ck out c rop . S l opes on the s e  s o i l s  ranged f rom thre e  
to thirty-five p e r cenc and so l um thickn e s s  ave raged 20 t o  36 inches . 
G ray Wooded p ro fi l e s w e r e  a lso obs e rv e d  in t imb e red l o ca l  a lluv ia l 
pos i t ions along the Ho gback Ridge (Radeke and West in 1963 ) . 
So i ls w i th thin ho rizonat ion we re t yp i ca l l y  deve l op ed in a thin 
mant l e  of uncon s o l idat ed mat e r ial ove r  hard b e d ro ck . The s e  s oi l s  
p o r t rayed somewhat w eak e r  st ructu r e  in the B ,  lacked t ransitiona l 
ho rizons , a�d had a s o lum thi ckne s s  o f  l e s s  than a foot . So i ls w�thin 
mo r e  disse cted segmencs of the Limest one Plat eau at l owe r e l evations 
common l y  exhib ited the s e  cha rac t e r ist i cs . The Al (A) horizons we r e  
eith e r  thin o r  nonexistent compa r ed to soi ls within t h e  c en t ra l  a r ea 
(Radeke and ivestin 196 3 ) .  
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Transit ion a l  G ray Wooded soi l s  were l o c ated in the no r t hwest 
portions of the Limestone P lat e au at higher e l evations. The Al (A) and 
under l y ing hor i z ons were much thicker compared to so i ls in the central 
area. So l ums extended beyond the depth des c rib ed (li8 cent ime ters ) for 
t h e  pro fil e in the report. These soils developed in b o t h  concave and 
convex posi tions unde r dense ove rstor i es o f  p in e  w i th no grass 
underst o ry .  Altho ugh falling into the Gray Wooded Gre a t  G roup ,  the 
transitiona l so i ls graded to Chernozems or some othe r g roup hav ing an Al 
(A) horizon (Radeke and W estin 1963). 
Mode rn �a t iona l Coo perat ive Soil Survey (NCSS) reports have 
b e e n  published whi ch cov e r  maj o r  po rtions of the Black H il l s (Ollila 
1978, Meland 1979, and Ka lve l s  1982). Soil s e r i e s  classified and mapped 
w i thin these r e g ions s up port the r e connaisanc e  survey by Radeke and 
West in . The majority_of for est ed soils in the frigid soil temperature 
regime are l o amy-ske l e t al o r  f ine textur ed Eut robora l fs . Some 
loamy-sk e l e t a l Eut rochrepts were mapped adjac ent to Eutroboralfs on 
steepe r slopes. At higher elevat ions in th e limestone are a , Cryobora l fs 
were ext ens i v e l y  -mapped within t h e  cryic so i l  tempe r ature reg ime . Cryic 
reg imes r equir e  less than eight de g r e e s  c elc ius summer mean t emp erature 
if an 0 hori zon is p r esent and 15 deg r e es wi t hout an 0 horizon. Frig id 
regimes exceed these values and fluctuate more than f iv e  degrees c elc ius 
b e tw e en me an summer and w in t er t empe r atu r es . B oth regimes annua lly 
ave rage ze r o  t o  e i ght degrees celcius at 50 em depth (So il Survey Staff 
1975). In the B lack H i lls , cry i c  soils were restricted t o  eleva t ions 
above 6,200 fe e t  (Meland 1979). 
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Var i a t ions f rom the c en t r a l  con c ep t o f  G r ay Wooded so i ls 
desc r ib e d  b y  Radeke and West in c an b e  re cogn ized from comp l e t e d  NCSS 
reports . D e ep B o r a l fs w i t h  t h i ckened A 1  ho r izons found a t  h igher 
e l evat ions on the L imestone P l a t e au c l ass i f i e d  to F in e , montmo r i l lon i ­
t ic ,  �fo l l i c C ryobo r a l fs in conc ave pos it ions and Lo amy - sk e l e t a l, mixed , 
Typ ic C ryobo r a l fs in convex pos i t i ons (�! e land 1979 ) . Radeke and West in 
had cons id e r e d  t h e  Mo l l i e C ryobo ra lfs t r ans i t iona l to C h e rno zems. A t  
l ow e r  e l evations wh e r e  t r e es we r e  int e rsp e rsed w i t h  o p e n  g r assed areas 
and so i ls w e r e  sha llow, L i t hic Hap lobo ro l ls w e r e  map p e d . O t he r ar e as in 
t he sedime n t a r y  r e g ion whe r e  t h i n  hor izon at ion was d esc r ib ed a r e  
cur r en t l y  b e ing m apped i n  C ust e r  and Penn ington C o un t i es b y  t h e  NCSS . 
Se l ec t ed so i ls from Lawr en ce C ount y , Sou t h  D ako t a  were 
char ac t e r iz ed b y  t he Nat iona l So i l  Survey Lab (1979 ) .  C a l c ium c a rb on at e  
con t en ts r e ached 66 p e r cent i n  C ho rizons o f  sed iment a ry so i ls b ut we re 
m in imal o r  abs ent in so i ls d e r ived from m e t amo rp h i c  mat e r i a l . O rgan i c  
c arbon cont ents r anged f rom 2 . 3  c o  10 . 5  p e rcent i n  surface horizons . 
Sed ime n t a ry so i ls cont a ined the g r e a t est p e r c en t age o f  sand in t h e  v e ry 
f ine sand f r ac� i on . C at i on exchange capac ities r anged f r om 15 . 0  meq/ 1 00 
gms so i l  in non - a rg i l l i c ho r izons deve l op ed w i t h in m e t amo rph i c  m a t er i als 
( Eut rochrep ts) t o  35 . 9  meq/ 100 gms in arg i l lic hor izons . These argi l lic 
ho r izons con t a ined 46 pe r c ent c l ay and w e r e  develop ed in soi ls w i th 
s ed imen t a ry ( l im es t one) p a r en t  mat e� i a l  ( Cryobo ra l fs) . 
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F l o ra 
The ' b l ack ' ap p e a r an c e  o f  the H i l l s r es u l t s from a den s e s t and 
of fo r es t vege t a � ion wh ich gen e r a l l y s t a r t s  at 4 , 0 0 0  f e e t , t h e  
pe r iphe r a l edge o f  t h e  M inne k ah t a f o rmat i on , and 
t ion i s o hyet e ( Th i l en iu s  1 9 7 2 ) . P inus pon de ro s a ( pond e r o s a  p in e ) grows 
ne a r l y i n  a mo no cu l u r e , c omp r i s ir.g 9 5  p e rc e n t  o f  t h e 1 . 2  m i l l ion a c r e  
f o r e s t . P i c e a  g l au ca ( B l ac k  H i l l s s p ruce ) con t r ibut e s  ano t h e r  f o u r  
--------------
pe r cent t o  t h e  fo r e s t comp o s i t ion . S p ruce grows on t h e  mo s t m e s i c  s i t e s  
s u c h  a s  s t r e am bo t t oms a n d  no r t h - as p e ct s l o p e s , p a r t i cu l ar l y in the 
no r t h e rn H i l l s  ( Th i l e n i u s  1 9 7 1 ) . Poou l us � r emu l o ides ( quak ing as p en )  is 
the mo s t  abun dan t d e c iduous s p e c i es . I t  is found a s  a s ub o r d in a t e t re e  
und e r  t h e pond e r o s a p in e  canop y , a l ong t h e f o r e s t - gr as s l an d  e co t on e s  at 
h i gh e =  e l e v a � i ons , and on o l d f i r e  b u �ns in t�e l im e s t o n e  and i gn eous 
reg ions ( Th i l en i us 1 9 7 2 ) . B e t u l a  o apvr i f e r a  ( p ap e r  b i r c h )  i s  l e s s 
abundant and o c c ur s on mo r e  mes i c  s i � es . Ano ther import ant de c i duous 
s pe c i es i s ,Que r cus m a c r o c a rpa ( bu r r  o ak ) , wh i c h is found a l ong t he 
n o r t h e a s t e rn foot h i l l s and on mo r e  x e r i c  s l o p e s  at mode r a t e  e l e vat i ons 
in t he n o r t h e rn p a r t  of the H i l l s ( Th i l en ius 1 9 7 1 ) . 
H ayw a r d  ( 1 928 ) n o t ed �hat p l ant commun i � i e s  in the B l ack H i l l s 
r e p res en� no r � h e rn , s o u � h e �n , e as t e rn , and wes t e rn v e ge � at ion a l  e l emen�s 
three maj o r  v eg e t at iona l c l imaxes ( g � as s l and , f o r e s t ,  and s h rub ) a r e 
p r e s ent a c co r d ing t o  Mc intosh ( 1 9 3 1 ) . 
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V a r i ous t yp e s  o f  vegetat iona l c l as s i f i ca t ions have b e en 
pub l is hed fo r t h e  B l ack H i l l s ( Hayward 19 2 8 ; r1c l n t o s h  19 3 1 , 1949 ) , but 
mos t  r e c ent l y  by Th i l e n i us ( 19 7 2 ) , who us ed c lus t e r  ana l ys is t o  c l as s i fy 
de e r  hab i t at , l ab e l in g  them Hab i t at Uni t s . Th i l en iu s  ( 1 9 7 1 )  de s c r ib e s  
v e g e t a t ion t ypes foun d i n  t h e  H i l l s  but indicates the y  a r e  in s e r a l  
cond i t ion due t o  d i s t u r b an c e s  such a s  l ogg ing, l iv e s t o c k  g r az ing , f i r e, 
( o r  f i re p ro t e c t i on ) , o r  combinat i ons o f  these in f l uences . He furt h e r  
stat es t h at a c l imax successiona l status is high l y  s ub j e c t i v e  and m ay 
n o t  b e  r e l evant . 
I n  Th i l en i us ' 19 7 1  s ch eme , t he ma j o r vege t a t ion typ e , Pinus 
pond e rosa ( P / p ) , is fu r t h e r  s ubd iv ided int o  s ub t yp e s  o f  s p e c i f i c  
geogr a p h i c  and aspect - o ri e nted l oc at ions as fo l l ows : 
( 1 ) Pp/ Androoogon sco o a rius ( l i t t l e  b l ues t ern )  - common in 
t h e  s o ut h e =n H i l l s and on rocky , sout h - as p e c t  s l o p e s  a t  
low e r  e l evat ions i n  the cent r a l  a r e a . 
( 2 )  Pp/ A r c t o s t aphy l o s  uva - ur s i ( b e ar b e r ry ) - the dom inant 
v e g e t a t ion in t h e  central area on a v a r i e ty o f  s i t e s  
and expo s ur e s . 
( 3 ) Pp/ Symoho ricaroos occident a lis ( west e rn s nowb e r ry ) - on 
d e e p e r s o i l s , p a r t i cu l ar ly a t  fo r e s t - meadow eco t ones in 
t h e  cent r a l  a r e a . 
( 4 )  Po/ Junipe rus communis / Berberis reoens ( comman j un ip e r / · 
O r egon g r ap e ) - at elevat i ons above 6 , 000 f e e t  on t h e  
no rthwe s t e rn L imestone P l at e au . 
( 5 ) Pp / Que r cus m a c ro c a rpa ( bu r r  o ak )  - b e tw e e n  4 , 000 �nd 
5 � 0 00 f e e t  in the no r t h e rn H i l l s . 
( 6 )  Po / Cercocarpus mont anus ( mount a in m ahogany ) - on t h e  
wes t ern e d g e  o f  the B l ack Hil ls and int e g r a t ing into 
the Cercocar�us mont anus vege t a t ion type at l ow e r  
e l evat ions . 
Ano t h e r  f o r e s t vege t a t ion type o f  mode rat e ext ent i s  P i c e a  
g l auc a in t h e  mos t m e s i c  s i t e s  ( de s c r ib ed e a r l i e r ) . Unde r s t o ry 
ve ge t a t ion i s  s p a r s e  w it h in t h i s  type . Jun ipe rus s coou l o rum ( Ro c ky 
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Mount a in j un i p e r ) i s  found i n  t h e  s outhe rn H i l l s and o f t en i s  codom i n ant 
� i t h  P in u s  oonde r o s a  ( Th i l e n i u s  1 9 7 1 ) . 
Th e maj o r  s hrub typ e , C e r c o c a rpus mont anus , i s  found a l o n g  the 
w e s t e rn edge of t h e  H i l l s at l ow e r  e l evat ions . O t h e r  m in o r s h rub t yp e s  
occur a l on g  s t r e am b e n c h e s  and o l d burns ( Th i l e n i us 1 9 7 2) . 
G r a s s l and$ make up about 3 0  p e r c ent o f  t h e  B l ack H i l l s Nat iona l 
---------------
Fo r e s t ( P a s e  and Th i l en ius 1 9 6 8 ) . They a r e  i v ided i n t o  two typ e s - the 
d r i e r  m ixed p r a i r i e  in the s o u t h e rn H i l l � and on exp o s e d  s ou t h  and 
w e s t - f a c in g  s l o p e s  in t h e  c e n t r a l  a r e a , and t h e  mo r e  m e s i c  m e adow s on 
the L ime s t on e  P l at e au . Ext ens i v e  p l at e au m e adows c o n t a in m ix t u r e s  o f  
p r a ir i e vege t at ion a s  w e Ll a s � mo r e  m e s i c  s p e c i e s  such a s  P o a  p r a t ens i s  
( Kentuc ky b l u e g r as s ) ,  w h i c h  is f r equent ly a b undan t b u t  m ay ex i s t due t o  
ove r g r az ing o n  t h e s e m e adows ( Th i l e n ius 19 7 1 ) . 
Fo r e s t  unde r s t o ry v e g e t at ion in t h e  B l ac k  Hi l l s is ext r em e l y  
d ivers e ,  p ar t i cu l a r l y  t he f o r b s . S o m e  o f  the mo r e  impo r t an t  g r am ino ids 
( gr as s e s and g r as s l ik e s ) i n c l ude Poa pratens i s , D an t hon i a  int e rm e d i a  
( t imbe r o a t s ) , O rvzoos i s  a spe r i fo l i a ,  A � r opyron gr i f f i t hs i i  ( G r i f f i t h  
wh e a t g r a s s ) , And r ooogon s co o a r ius , and C a r e x  � ·  ( s edge s ) .  :to s t  
impo rt ant f o rb gen e r a  in c l u d e  A c h i l l e a  ( ya r ro� ) , C amoanu l a  ( b l u eb e l l ) , 
V i o l a ,  ( v i o l e t ) , G a l ium ,  ( b e d s t r a� ) , An t enn a r i a  ( p us s yt o e s ) ,  V i c i a  
( v e t ch ) , and La thvr� s  ( p e av in e ) .  I mpo r t an t  s h rub s p e c i e s a r e  O s t r v a  
v i rg in i an a  ( e as t e rn hopho rn b e an ) , Symoho r i caroo s o c c i d e n t a l i s , 
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Jun ipe rus commun i s , C e r co c a rnus mont anus , and Arcto s t aphyl o s  uva - u r s i .  
(Th i l en ius 1 9 7 2 ) . 
S ev e r a l  bo t an i s t s / e c o l og i s t s  have comp i l ed f lo r a l inven to r i es 
o f  B l ack H i l l s v e g e t at ion ( Hayden 1 8 6 3 � Lud l ow 1 8 7 5 � Rydb e rg 1 8 9 6 � 
W i l l i am s  1 8 9 5 � �c i n c o s h  1 9 3 1 , 1 9 4 9 � Th i l en ius 1 9 7 1 ) . The l a t e s t 
inven t o ry , comp i l ed by Th i l en ius ( 1 9 7 1 ) , is e s s e nt i a l l y  a r e v i s ion o f  
Mc i nt o s h ' s 1 9 4 9  inv e n t o ry � i t h  inc l us ion o f  n ew t axa r ep o r t ed b y  othe r 
wo rke rs . 
F o r e s t  U n d e r s to r y  
P rod u ct i v i ty 
The B l ack H i l l s , a3 m an a ge d  by t h e  USFS . i s  a mu l t ip l e us e fo r e s t 
s uppo rt ing comm e r c i a l  t imb e r , l iv e s t o ck g r az ing . w i ld l i f e , and 
r e c r e a t ion , as w e l l  as o t h e r  pub l i c in t e r e s t s . S in c e  t h e  fo r e s t h as t h e  
ab i l i t y  to qu i c k l y and v igo rous l y  r e g ene r at e  i t s e l f , h ig h  d ens i t i e s  o f  
ponde r o s a p in e  e x i s t , s up p r e s s ing t r e e  growth and p ro duc ing s t agnant 
s t ands o f  ciogha i r 1 t imb e r  ( �1y e r s  and V an Deus en 1960 ) . Howeve r ,  t r e e  
g rowt h  i s  g r e at l y  p r omo t ed f o l low ing t h inn ing ( �y e r s  1 9 5 8 , Van D eus en 
1 9 6 8 , S chub e rt 197 1 ,  B o l dt 1 9 7 0 ) . The USFS in the B l a ck H i l l s man a g e s  
ponde ro s a  p in e  fo r even - aged s t ands , ut i l iz ing a thr e e - s t ep s h e l t e rwood 
t r eatment w i t h  int e rmed i a t e  t h inn ing cu t s  ( U . S .  F o r es t S e rv i c e  1 9 8 3 ) . 
1 Typ i c a l l y  r e f e r s  t o  dens e t imbe r  s t ands w i th t runk d i am et e r s  l e s s  t h an 
s ix inches . 
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As a r e s u l t , und er s t ory growt h providing forage and browse for l ivesto ck 
and wildl i f e i s  promo t ed . 
Invers e e c o l o g i c a l re l at ionsh i ps b e twe e n  o vers t ory s truc t ur e  
and unders c ory product ion have b e e n  report ed i n  d e c i duous fore s t s  
( Eh r en l i c h  and Cros b y  1 9 60 , R e ad 1 9 5 1 ,  woods e t  a l . 1 9 8 2 ) , m ix e d  
dec iduo us - con i f erous f o r es ts ( Ga ins e t  a l . 1 9 5 4 , Ha l l s a n d  S chus t er 
1 9 6 5 , Young
_
e t  a l . 1 9 6 7 , wo l t e r s  e t  a l . 1 9 8 2 , Pyke and Z amora 1 9 8 2 ) , 
con i ferous fore s t s  ( P ase and Hurd 1 9 5 7 � P as e  1 958 ; C oo p er 1 9 6 0 ; C l ary 
and F fol l io t  1 9 6 6 ; Jam e s on 1 9 6 7 ; r1cConn e l l  and Smi th 1 9 65 , 1 9 7 0 � H edr ick 
et a l . 1 9 6 8 ; Wo l t er s  1 9 7 3 , 1 9 8 2 ) , and shrub - ty p e  ov erst ory s�ru c ture s  
( Pond 1 9 61 ) . Wh i l e mos t  s t ud i e s  a l lude to  l i ght i n t er c ep t i o n  caus ing 
r educ t io n  in unders tory produc t ion , Jameson ( 1 9 6 7 ) su ggests add i t iona l 
f a c t ors such as nutri ent ava i lab i l i t y , wat er , and a l l e l op a th i c  reactions 
may b e  int er ac t ing c o  in f l u ence und erst ory produc t iv i t y . 
Numerous ove rstory a t tr ibut es have b e e n  us ed t o  mod e l und er -
story produc ti o n  but canopy c ov er and basa! a r ea a r e  mo s t  frequent ly 
us ed . O ther indep endent var i ab l es used t o  exp l a i n  y ie l d  var i at io n  
inc l ud e  t r e e  l i t t e r  ( P as e 1 9 5 8 , Ga ins e t  a l . 1 9 5 4 ) , st em dens i ty ( Young 
et a l . 1 9 6 7 , Hedr i ck et a l . 1 9 6 8 , Pyke and Z amora 1 9 8 2 ) , p ine sp ac ing 
( M cConne l l  and Sm i t h  1 9 7 0 ) , and s um o f  t r e e  d i ame t ers ( Pyke and Z amora 
1 9 8 2 ) . I n  most stud i e s  wh i ch comp a r e d  t h e  var i ab l es o f  over s tory c anopy 
cover and b asa l a r e a , c anopy cov e r  was found to  be mo r e  imp o � tan� f or 
p r e d i c ting h erbage pro du c t ion 2 ( H a l ls and S chus t er 1 9 65 , Young e t  a l . 
1 9 6 7 , rkC o nn e l l  and S m i th 1 9 65 ,  Hedr ick et a l . 1 9 6 8 )  Howev e r , Pas e and 
2 C ommon l y  gram ino ids p l us f orbs but a l so r ep o r�ed as g r am ind i ds p l us 
£o rbs p l us shrub s .  
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Hurd ( 1 9 5 7 )  repo rted e s �ent ia lly n o  d i f fe rence b e tw een b a s a l  a r e a  and 
canopy cove r to p r ed i ct t o tal understo ry yie l d in a Black H i l l s s t udy . 
Pyke and Zamora ( 1 9 8 2 ) found that c anopy cover had highe s t c o rr e l at i on 
with shrubs and t otal p rodu c t i on whi l e  comb ined v a r iab l e s  o f  canopy 
cov e r  and summat io n of tree d i ameters g ave the h ighes t c o r r e l a t ion fo r 
forb y ield . Wo l ters ( 1 9 8 2 )  used seasonal prec ip i ta t ion i n  add i t ion to 
basal area to exp l a in l a rge annua l variat ions in h e r b a g e  p rodu c t ion in a 
mixed p ine fa r e s �  in Lou is i ana ove r  a 1 6  year pe r i od . G a ins e t  a l . 
( 1 9 5 4 )  and P as e  and Hurd ( 1 9 5 7 )  found a s t rong negat i v e  r e l at ions h ip 
between litter weigh t and he r b a ge p roduction in pine forests of Alabama 
and S ou th Dako t a , respec tively . E a r l i e r  wo rk by wahlenber g e t  a l . 
( 1 9 3 9 ) had shown that tree litte r  smothe rs g r as s es and forbs . 
Gains and cowo r kers ( 1 9 5 4 )  also separated up l and s ites by maj or 
soil groups. They found that comb ined variables o f  litte r  we ight and 
s o i l  g roup ac c oun t ed fo r 3 1 p e rcen t  o f  the var i a t ion in her ba ge 
produc t ion , comp a r ed t o  2 1  p e rc ent us ing l it t e r  we i ght alo n e . G roup s 
with clay s ubsoils outy i el ded groups with loam subsoils , w h i l e  deep 
s ands w e r e  l owest in p r odu ct ion . �o apparent interact ion was found 
b e tw e e n  major soil · textural t yp es and litter weight s in c e  p l o t s  w it h in 
all three groups had v e ry similar correlation and regres s ion coe f f i ­
cients o f  he r bage p roduction against litter w e ight ( Gains e t  al . 1 9 5 4 ) . 
wol� ers and cowo rke r s  ( 1 9 8 2 ) found site index was a s ignificant 
independ ant variable when used with basal area in mult iple regres sion to 
mo del b r owse and herbage product ion in Lou i � i ana. S in c e  soi ls w e r e  
in t e rm ing l ed on t h e i r  plots , site index was cho s en as t h e  major ind ica t o r  
o f  s i t e  p roduc t i v i t y . I nc r e as ed s i t e  index va l ue s  h ad a s i gn i f i c an t  
po s i t ive in f l u en c e  on s h rub p roduct ion f ive y e a r s  out o f  f ive and o n  
h erbage p rodu c t i on two y e a r s  o u t  o f  f i v e . 
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F fo l l i o t t  and C l a ry ( 1 9 7 5 )  inve s t igaced d i f f e renc e s  in 
unde rs t o ry he rbage p roduc c i on b e tween s o i l s  d e r ived f ro m  c6n t r as c ing 
parent mat e r i a l s  in an A r i z o n a  pond e ros a p ine f o r es t . Th ey found 
s ign i f i can t d i f f e r en c e s  in  h e r b a g e - t imb e r  re l a c ions h i p s  b e tw e en p a i r e d  
s i t e s  o f  s ed im en t a ry s o i l s  d e r iv e d  f rom l ime s t on e  a nd i gne o us s o i l s 
d e r i v e d  f rom b as a l t . Pr odu c t ion was l ow e r  on igneous s o i l s a c ro s s  a l l 
b a s a l  a r e as at o n e  s t udy a r e a  and at bas a l  ar e as g r e a t e r  t h an 7 0  a t  t he 
ot h e r s tudy ar e a . The y  s ugge s t ed t h a c  f ine r t ext u r es ( induc ing g r e at e r  
mo i s t u r e  s c r es s ) and 90s s ib ly phyto t ox i c s t r e s s  i n  the i gneous s o i l s  
we r e  r e s p o n s i b l e  f o r  t he l ow e r  p r oduc t ion . 
Reg r e s s i on equ a c i ons have b e en r epe at ed l y us ed t o  p r ed i c t 
und e r s t o ry p roduc t ion . Equat ion fo rms inc l ude l in e a r  ( Ga in s  e t  a l . 
1 9 5 4 ; P ond 1 9 6 1 ;  C o op e r  1 9 6 0 ; McConn e l l  and Sm i t h 1 9 6 5 , 1 9 7 0 �  Wo l t e r s  
i 9 7 3 ) an d l ogr i t hm i c , ( P as e and Hu r d  1 9 5 7 , P as e  1 9 5 8 , H a l l s  and S chus t e r  
1 9 6 5 , C l a ry and F fo l l io t  1 9 6 6 ) , as w e l l  a s  expone nt i a l func t ions ( Ga ins 
e t  a l . 1 9 5 4 , Jam e s on 1 9 6 7 , �1 cConn e l l  and S m i c h  1 9 7 0 , Pyke and Z amo r a  
1 9  8 2 , Woods e t a 1 . 1 9 8 2 ) . 
C l a s s es  o f  v e g et ac i on ( gr am ino ids , f o rbs , and s h rub s ) w e r e  
found t o  r e s po nd d i f f e r e n t l y  t o  ch anges i n  ove r s t o ry s t ructure 
( M cConn e l l and Smith 1 9 6 5 , 1 9 7 0 , Pase 1 9 5 8 ) . In t h e  B l a ck H i l l s , Pas e 
( 1 9 5 8 )  found g r a s s es m os t  s e ns i t iv e  to inc r e a s es in c anopy c o v e r  whi l e 
f o rb s w e r e  l e a s t s ens i c i v e . G r am ino id p ro du c t i o n  ( a i r - d ry ) r anged f rom 
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25 l b s j a c r e  in dens e t i mb e r  to 1 , 7 3 0 l bs j ac in c l e a rcut a r e a s . F o r b s  
inc r e as e d  f rom f ive l b s j ac r e  in dens e s � ands t o  3 0 5  l b s  in c l e a r cu t  
a r e a s . S h rubs p ro duc e d  t en l b s j a c r e  in dens e t imbe r  and 1 25 l b s  in 
c l e ar ings . A l t hough P a s e d id no c s p e c i fy s i t e  l oc a t ions , t he s tudy may 
have en comp as s e d a l a r ge a r e a  s in c e  t h e  s t u dy ar e a  inc l uded s o i l s  
r ang ing from s andy l o ams t o  c l ay l o ams de r i ved f rom s ands t one s , 
l im e s t one s , s ch i s t s , and g r an i t es . 
Unde r s t o ry compos i t ion in c h e  B l ack H i l l s va r i e s  w i t h  chan g e s  
i n  ov e r s t o ry s t ru c t u r e  ( P a s e  and Hu rd 1 9 5 7 , Pas e 1 9 5 8 ) . O ryzop s i s 
aspe r i fo l i a  and C a r ex p e nns v l van i ca ( P enns y lvan i a  s ed g e ) p e r s i s t ed unde r 
mode r at e ly dens e to dens e cano p i es . Danthon i e  sp i ca t a  ( p o ve r ty o a t s ) 
was mos t  abundant a t  mode r a t e canop i e s  wh i l e  Poa pr at e n s i s  and E lvmus 
innovatus ( fuzzys p ike w i l d rye ) n e a r l y  d i s app ea red w i th ove r s t o ry 
c anop i e s  g r e a t e r  than 40 p e r c e n t . :fa s t  fo rbs d i d  not p e rs is t unde r even 
mode r a t e  c anop i e s  wh i l e  s hrub compos i t i ons w e r e  v a r i ab l e . A r c t o s t aphy ­
l o s  uva - u r s i de c r e a s e d  at ove r  40 p e r c ent canopy cove r . Jun i o e rus 
commun i s  and B e r b e r i s reo ens p e r s i s t ed i n  mod e r a t e t o  dens e c ano p i es 
whi l e  S vmpho r i c a rpo s � ·  g r adua l ly de c r e ased as canop y cove r inc r e as ed . 
Graz i ng Value 
Fo r e s t ed l ands acros s t h e  Cn i t ed S t a t e s  a r e  u t i l i z ed ext ens i v e ly b y  
l iv e s tock a n d  w i l d l i f e , demons t ra t ing the v a l uab l e  r e s o u r c e  p rovided b y  
the und e r s t o ry . I n  t h e B l ack H i l l s , over 2 9 , 0 0 0  c a t t l e  and 3 0 0  s he ep 
ut i l iz ed n e ar ly 1 . 2  m i l l i on a c r e s  o f  g r az in g  a l l o tm en t s  o n  Nat i on a l 
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F o r e s t  l and in 1 9 8 0 . A t  t h e  s ame t ime a n  es t imat ed 6 2 , 0 0 0  d e e r w i t h in 
the fo r e s t we r e  on an upward po pu l at ion t rend . O f  t h e  1 . 2  m i l l i on 
a c r e s , on l y  4 7 8 , 6 0 0  we r e  deemed s u i c ab l e  for g r az ing . Th e r em a inde r was 
uns u i t ab l e  due to l ack o f  wa t e r , dens e t imbe r , o r  t o p o g r aphy . Th inn ing 
p ine s t ands a l o n e  wou l d  imp rove fo r a ge p rodu ct ion on ne a r l y  o n e  h a l f  o f  
t h i s  a c r eag e  ( U . S .  Fo r e s t  S e rv i c e 1 9 8 3 ) . I n  add i t ion t o  t h e s e fac c o r s , 
unde r s t o ry compo s it ion a l s o  a f f e c t s  g r az in g capac i c y and ut i l izat ion o f  
mount a in range l ands , mak ing t h e  eva l uat ion mo r e  comp l ex comp a red t o  the 
p l ains ( Ph inn ey 1 9 5 0 ) . 
V a r ious r e s e a rche r s  h ave re l at ed s l op e and t imbe r dens i ty on 
moun t a in ranges to  c a t t l e  u t i l i z a t ion . �!uegg l e r  ( 1 9 6 5 ) and Cook ( 1 9 6 6 ) 
rep o r � eq a nega c ive co r r e l a� ion o f  s lo p e  grad i ent to u� i l izat i on o n  
Mon t ana and U t ah r anges , r e s p e c t i ve l y . I n  � h e  B l ac k  H i l l s , s l opes ove r 
40 p e r c ent a r e  cons ide r ed uns u i t ab l e  fo r gr az ing ( U . S . Fo r e s t S e rvic e  
1 9 8 3 ) . F a r e s � dens i ty has b e e n  n e g a t ive l y  co r r e l at ed t o  ut i l izat ion in 
O r egon ( C l a ry et a l . 1 9 7 8 ) and A r izona ( G l enden ing 1 9 44, Young e t  a l . 
1 9 6 7 ) . P h inney ( 1 950 ) con c ludes c ha� s t ee p  s l o pes and dens e t imb e r  c an 
be exc l uded f rom g r az ing es c im a t � s . 
Mount a ino us r an g e l and a l s o  s up p o r � s  v a r i ab l e  compo s i t i on s  o f  
gram i n o ids , £ o r b s , and s h ru b s , wh i ch f u r t h e r  comp l i c a � e s  fo r age 
es � i m a � e s . On l y  t ho s e p l an t s p a l a� a b l e  to a given an ima l t yp e  c an mak e 
that unde r s t o ry us ab l e . I n  g ene r a l , d e e r  p r e f e r  b r ows e whi l e  c a t t l e 
pr e f e r  g r am ino ids ( C u r r i e  e t  a l . 1 9 7 7 ) . How e v e r , d e e r  u t i l iz e mo r e  
g r as s s p e c i e s  d u r ing t h e  s p r ing mon�hs t h an othe r t im e s  du r ing t h e  y e a r  
( Hi l l  1 9 46 ) . A l chough t he m a j o r i ty o f  fo r age c8n s umed by l iv e s t ock in 
_. · . ... . ..... . .� . ... .. .. . 
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p in e  fo r e s t s  a r e  g r am ino ids ( Sm i th 1 9 5 5 , C l ary et a l . 1 9 7 8 , Ha l l s 1 9 5 7 , 
H a r r is 1 9 5 4 ) , C u r r i e  and cowo rke rs  ( 1 9 7 7 ) r ep o rt ed e qu a l p r e f e r e n c e  fo r  
f o r b s  and g r a s s es i n  June wh i l e in May on ly forbs we r e  p r e f e rr e d  i n  a 
ponde ros a p ine fo r e s t  in A r izona . 
When re l a t ing graz ing po t e nti a l o f  fo res t ed r an g e , a s tudy o f  
a l l  p l an t s  i s  ne eded , no t o n ly t h e  econo m i ca l l y va l uab l e  s p e c i e s  
( D aubenm i r e 1 9 5 6 ) . Daubenm i r e  fu r t he r s t at e s  t h a t  i n  a lmo s t  h a l f  o f  t he 
f o r e s t  r ange s o f  t h e  no r t he rn R o ck i es, mod e r at e l y he avy g r az ing p r e s s u r e 
o r  f i r e has caus ed v e ge t at ion a l  change s r e s u l t ing in d i s t in c t l y  s up e r io r  
f o r age . Th e in c r e as e o f  K e n t ucky b lu e g r as s  i n  c e r t a in v e ge t a t ion 
hab i t a t s  fo l l ow in g mode r a t e  g r az ing p r e s s ur e  was c i t ed as an exam p l e . 
Timbe r - L i v e s toc k C omp a t a b  i I i ty 
The ma j o r emphas is o n  comp a t ab i l i ty b e tw e e n  l iv e s t o c k  g r az in g  
and timber p roduc t i o n c e n t e r s  at t h e  ge rm inat ion and s e ed l ing s t age o f  
p ine gr owt h .  Once t he s e e d l ings have grown o u t  o f  t h e  r e ach o f  
l iv e s t o ck , the re i s  es s en t i a l l y  n o  comp e t i t ion ( Bu r ch am 1 9 65 ) . Mc Le an 
and C l a rk ( 1 9 8 0 ) r epo r t ed m in ima l damage t o  con i f e rous s eed l ings when 
s t o ck i�g r at e s and p e r i o d  o f  g r az in g  we r e  cont ro l led . Under h e avy 
f o r age u t i l iz a t i on and / o r  ext ended us e , subs t ant i a l  d amage t o  s e e d l ing s  
resu lted f rom t r amp l in g  and / o r  inges t ion . 
At the o � h e r  ext r eme , comp e t ing v e g e t at ion l im i t s  mo i s t u r e  and 
nut r i en t s , i�h ib i � ing g e rm inat ion and g rowt h o f  p in e  s e ed l ings ( Rindt 
' • ,.t ·· •'" · ' ·  ... ; ' .' 
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1 9 6 4 ) . R indt a l s o po int ed o u t  t hat ponde r o s a p in e  i s  l es s  res i s t an t  t o  
dro ught t h an many as s oc i at ed n a t ive g r as s es . The p ine cannot comp e t e  
unt i l  a n  amp l e  port ion o f  i t s  r oo t s  h av e  p en e t r at ed e i t he r  b e l ow t he 
zone o f  mo i s tu r e  s t r e s s  o r  g r as s root ing zone . Th e r e fo re , r educ in g  
g r as s c o� p e t i t ion b y  g r az i n g m a y  p romo t e  ge rm ina t ion a n d  s e e d l ing 
e s t a b l i s hm e n t . 
C l ary and cowo rke r s  ( 1 9 7 3 )  eva l u a t ed t h e  econom i c s  o f  g r az ing 
c a t t l e  and grow in g t im b e r  o n  a c on i f e ro us fo r e s t in O r egon . Us in g 19 72 
p roduct p r i c e s , comb i n e d  annua l t imbe r b o a rd - f e e t / b e e f  produ c t i ncome 
max im ized ��hen manag ing f o r  l iv e s t ock c a r ry i n g capac i ty in t r e e s  w i th 
b a s a l  a r e as a r e a s 3 of 45 t o  60 s q . f t . / ac r e . S e v e r s on a n d  B o ldt ( 1 9 7 7 )  
condu c t e d a s im i l a r  comb ined max imum y i e l d s t udy in t h e  B l ack H i l l s  
Exp e r imen t a l Fo r e s t . They f o und t h a t  annu a l  t i mbe r / fo r a ge p roduc t io n  
m ax im i z ed at t r ee b as a l  a r e a s  o f  6 0  t o 120  s q . f t . / a c r e . The s e  s tud i e s  
po int o u t  t he f a c t t hat , i f  man aged p r o p e r l y ,  mu l t ip l e us e o f  t h e  f o r e s t 
c an be econom ica l l y  and e co l og i c a l l y  s o und . 
3 The a r e a  o f  c r o s s  s e c t i o n  at b r e a s t he ight o f  a s ing l e  t r e e  o r  a l l 
t r e e s  in a s t and . 
· • .1'• "'•' ' 1 ,  ..... . .  
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METH O D S  A N D  M A T E R I A L S 
S i te S e l ect i o n  
The s t udy w a s  c onduc t e d in th e B l a ck H i l l s Nat i o n a l Fo r e s t o f  
S o u t h  D a ko t a  w i t h in Cus t er a n d  P enn in g ton C o un t i e s whe r e a NC S S  i s  
cur r ent l y  in p ro g r e s s .  S o i l  s c i ent is t s  from South D a ko t a  S t a t e  
Un i v e rs i t y ( S D S u ) , S o i l  C ons e rv at ion S e rv i c e ( SC S ) , and U . S .  Fo r e s t 
S e rv i ce ( US F S ) f i r s t  de t e rm i ne d t he m a j o r g eomo rp h i c r e g i ons t o  
inv e s t i g a t e . The C ent r a l C rys t a l l in e  Z o n e  and t h e  Lime s t on e  P l a t e au 
w e r e  in i t i a l l y  s e l e c t ed fo r s i t e  e s t ab l is hment ( F i g .  2 ) . The S e d imen ­
t ary P l a t e au w a s  fu r t h e r  s u bd i v ided in t o t h e c r y i c  s o i l  t emp e r a t u r e  
r e g im e at h i gh e r e l evat ions a n d  t h e f r i g i d r e g ime a t  l ow e r e l evat ions . 
Two maj or fores t s o i l s w e r e  s e l e c t ed w i t h in e a ch geo g r ap h i c  r e g ion . S C S 
and USFS so i l  s c i ent i s t s  condu c t ing t h e  NCSS  de t e rm in e d t h e  m a j o r  s o i l s . 
b a s ed on s e r i e s  dom i n an c e  w i t h in e a c h  r e g i on . 
I n  t h e  me t amo rp h i c zone , P ac t o l a  and V i r ku l a s e r i e s  w e r e  
chos e n . The P a ct o l a  s o i l s a r e  d e v e l op ed in r es i duum o n  l inea= 
b a cks l op e s and c onv ex s ho u l d e r  pos i t ions . V i rku l a  s o i l s a r e  d e v e l o p ed 
in a s i l ty man t l e ov e r l y in g r e s iduum i n c o � cave f oo t s l op e p o s it ions . 
P ac to l as w e r e  fu r t h e r s ub d iv ided by as p e c t s in c e  p r e v ious inves t ig a t ions 
b y  NC S S  f i e l d  p e rs onn e l n o t ed e x t r e me unde r s t o ry compo s i t i ona l 
d i f f e rences  b e tw e e n  no r t h  and s ou t h - fac ing s l opes . V i rku l as w e r e  not 
d i f f e r ent i a t ed by a s p e c t  s in c e  the ir l ow e r  h i l l s l o p e  pos it ion d e ­
emphas izes t h e  in f l uenc e o f  as p e c t . 
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S tovho and T r ebo r s e r i e s w e r e  s e l e c t ed in t h e  c ry ic s ed imen t a ry 
r eg ion . S tov hos a r e  fo rmed in s i l t y  sed ime nt s ove r l im es t on e res iduum 
ir. conc ave and l in e a r  foo ts l cp e po s i t i ons w h i l e  Tr ebo r s  a r e  fo rme d  in 
res iduum f rom l im est one on s ho u l d e rs and backs l op es . Nea r l y  l ev e l t o  
undu l at ing topo�r ap hy w i t h in the c ry i c r e g ion r esu l ts i n  mo r e s ub t l e  
d i f f e r ences i n  und� r s t o ry r e l at iv e  to asp ec t . The r e f o r e , t he s e  s o i l s 
we r e  no t s eparat ed by an asp e c t component . 
The f r i g id zone o f  t h e  s ed imen t ary r e g ion exh ib its a mu ch mo r e  
d is s e c t ed topo g r a phy than the c ry i c  zone and i s  char ac t e r i z e d  b y  s t e ep 
h i l l s l op es , p ar t i cu l a ry sou t h  and wes t  o f  the c ry i c zone . S in c e  swa l e s  
ar e f requent ly non - fo r est e d , t h e  maj o r f o r e s t ed s o i l s have deve l op ed in 
l ime s ton e r e s iduum on b acks l op e and s hou l de r pos i t ions . I n  t h i s  r e g ion , 
l e s s  dev e l op e d  so i ls ( Ent iso ls) a r e  found on s o ut h - f ac ing aspe c t s  whi l e  
mo r e  dev e l oped so i ls ( A l f i s o ls ) a r e  o n no rth - f a c ing a s p e c t s . Th e r e fo r e , 
t h e  maj o r  s o i l s  s e l e c t ed w e r e  t h e  Vanocke r 4 se r i es on north - f ac ing 
aspects  and t he S awdust 5 se r i es on sou t h - facin g  asp ects (Tab l e  1 ) . 
Fo l l ow ing s e l e c t i on o f  maj o r  s o i l  s e r i es , twe l v e  s i t es we r e  
locat ed fo r e a ch so i l . ( S even so i l  c a t e go r i es X twe lve s i t e s /so i l  = 84 
tot a l  s i t es ) . S i t es r anged in ove rsto ry canop y cov e r  f rom open t o  the 
h i ghest obse rve d  c l o s ure on that s o i l . S i t e  se l e c t ion was a lso b ased on 
4 t ent at iv e ly r e c l as s i f ied 
5 p ropos ed 
· . ,., .. .. .. . .� . .. .. . .. . . 
Tab le 1 .  Descr ip t ion of  maj or soi l s  within each geomorphic region inve s t ig�ted . 
SOIL ASPECT CLASS IFICAT ION PARENT MATERIAL 
Pac tola nor th Loamy-skeletal , mixed , me tamorphic schi s t  
Typic Eu troboral f s  and s la t e  
Pac to la south Loamy-ske letal , mixed , metamorphic schis t 
Typ ic Eutrobor a l f s  and s la t e  
Vir ku la Fine , montmor i l loni t ic , me tamorphic schi s t  
Typic Eut roboral f s  and s la t e  
S t ovho Fine , montmo r i l lonit ic , limes t one 
Mollie Cryoboralfs  
Trebor Loamy-skeletal , mixed , l imes t one 
Typic Cryoboral f s  
Vanocker 1 north Loamy-ske letal , mixed , limes t one 
Typic Eutroboral fs 
Sawdus t2 south Loamy-ske letal , mixed , l imes tone 
( ca lcareous ) ,  frigid , 
Typic Us torthents  
ltenta t ively reclas s i f ied f rom Loamy-skeleta l , mixed , Typic Eutrochrep t s  
2proposed series 
HILLSLOPE POS ITION 
backs lopes and 
should ers 
backs lopes and 
shoulders 
foo t s lopes and 
toes lopes 
foot s lopes and 
toes lopes 
backs lopes and 
shoulders 
backs lopes and 
shoulders 




un i fo rm i t y  and s p a c i a l  s i z e  o f  s t and , p e r c e n t  s lo p e , t ime s in c e  
t h inn ing , s l a s h  cove r , and a c c e s s ab i l i ty . S ince o v e r s t o ry s t ru c t ur e 
at t r ibu t e s w e r e  to b e  av e r ag e d  f o r  e ach s i t e , s t and un i fo rm i t y  was a 
· n e c e s s a ry cons i d e r a t ion . I s o l at ed s t ands wou l d  c r e a t e  an unde s i r ab l e  
edge e f f e c t  when s amp l in g  p l o t s  s o  they w e r e  avo ided . S l op e s  g r e at e r  
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t han 40 p e r c en t  w e r e  no t cons ide r ed s i nce c n t t l e  make m i n im a l us e o f  
t h em ( By rd 1 9 8 0 , U . S .  Fo r e s t S e rv i c e  1 9 8 3 ) . R e c e n t l y  t h inned s t ands o f  
p r evious l y  dens e t imb e r  tvou l d  no t p rov ide adequat e  t im e  fo r und e r s t o ry 
r e s pons e to ove r s t o ry s t r u c t u r e  re duc t ion ( �cConn e l l  and S m i t h  1 9 6 5 ) . 
H e avy s l as h �as gen e r a l ly avo ided s i nce unde r s t o ry grow t h  was s up p r e s s ed 
on thes e a r e as . A c c e s s ro ads n e a r  a l l  s i t es w e r e  nec c e s s a r y  f o r  
p r act i c a l cons ide rat ions and to acc e l e rat e s amp l ing t im e . E a s y  a c c e s s 
m in i m i z ed s amp l ing t im e , wh i c h  in t u rn m i n im ized vege t a t ive growt h 
dur ing t h i s  t ime l ap s e . 
S i t e s  w e r e  s e l e c t ed on s o i l typ e s  which r e p r e s e n t ed t h e  c o n c e p t  
o f  that s e r i e s  by NC S S  f i e l d  s c i ent i s t s . I n i t i a l l y , c anopy cove r was 
o c cu l ar l y  es t im a t ed . S i t e s  we r e  e s t a b l i s h e d  us ing t r e e  t runks as 
t r ans e c t  end m a r k e r s . T r an s e c t s  ( on e  p e r  s i t e )  t yp i c a l l y r an d i agon a l 
o r  p e rp e nd icu l a r t o  t h e  s l o p e . S t ak es w e r e  l at e r  p l ac ed on t r an s e c t  
ends , l o c a t ed i n  c l o s e p ro x im i t y b u t  aw ay f rom t h e  immed i a t e  b a s e s  o f 
t r e e s  o r i g in a l l y f l agged . T r an s e c t  l e ngth va r i ed due t o  t h e  s p ac i a l 
v a r i ab i l i ty in s � and s iz e  but a l l  w e r e  at l e as t 1 4  m e t e rs . 
Gene r a l  l c c at ions cont a i n ing s ev e r a l s i t e s  w e r e  s ca t t e r ed 
a c r o s s a l a rge a r e a  o f  C us t e r  and P enn ington count i e s . I n d i v idu a l  s i t es 
w e r e  s e l e c t ed w i th in e ac h  o f  t he gen e r a l  r e g ions . P a ct o l a  and V i rku l a  
• � '... ,.r" ,, .. , 
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s it es w e r e  l o c a t ed n e a r  S i l v e r  Noun� a in , C lo g  Gu l ch , and S h e r idan Lake 
in P e nn ington C ount y .  S t ovho and Trebor s i t e s w e r e  l o cat ed n e a r  
W i l l i ams D r aw and �con c ampg ro und in P e nn ington County and o n  B e a r  
Mount a in in Cus t e r  C ounty .  Vana c ke r and S at�dus t  s i t es w e r e  no r t h  o f  
Te ep e e wo rk C en t e r  n e a r  Hay D r aw i n  C us t e r  Coun t y . R e f e r  t o  F i g . 6 f o r 
ien e r a l s i � e  l o c a t ions and App e n d ix A fo r s i t e  l e ga l de s c r i p � ions , map 
l o c a t ions , and s ch emat i c  a r r angement of s i t e s . 
Peden S e l ecti o n  a n d S a mp l i n g 
Two s o i l  p edons f o r  e ac h  s e r ie s  inv e s t i gat ed w e r e  s e l e c t e d b y  
NC S S  p e r s onne l t o  b e  s amp l ed .  Loc at ion was p r imar i l y b as ed on t h e  moda l 
conc ep � f o r  t h a �  s e r i e s  map ped in c h e  a r e a . One p i t was a r b i t r ar i ly 
l ocat ed on an open t o  n ea r l y  open s i t e  and the othe r und e r  a d e n s e ­
canop i ed s i t e . 
P edons we r e  m o r p ho l o g i ca l l y des c r i b e d  in the f i e l d  ac c o r d ing t o  
� h e  U S DA S o i l  S urvey Manu a l ( S o i l  S u=vey S t a f f  1 9 8 1 ) . C o a rs e f r a gm e n t s  
w e r e  e i t h e r f i e l d  we ighed o r  es � im a t ed . F l aggy and s �ony - s ized co a r s e 
f r agQen� s c r e a t ed p r o b l ems in w e ight de t e rm inat ion . C o a r s e  f r agm e nt s 
w e r e  d i f f i cu l t  � o  r emov e as one vo l urne t = i c un i t  o f  m a� e r i a l  fo r w e ighin g  
a n d  c a l c u l a� ion o f  p e r c ent c o a = s e f r a grnen� s on a vo l ume t r i c b a s i s . 
�n e r e f o r e , co a r s e f r a gment w e igh t s  w e r e  f r eq u en t l y  comb ined w i � h  v i s ua l  
e s � imat e s  o f  c o ar s e  f r agmen t s in p ro f i l e  charac � e r i z a t ion . P ro f i l e  
ho r izon s amp l e s w e r e  c o l l e c � ed in d iv ided co r r e l at ion � r ays . App r oxi -
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Figure 6 .  General site lo c a t i o ns and so i l  temperature regimes . 
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rna t e l y  e i ght t o  t en k g  o f  f in e  e a r t h  w e r e  r emoved f rom each ho r izon f o r  
chem i c a l  and phys i c a l  ana l ys es . P edons w e r e  no rma l ly s amp l ed a t  l e a s t 
t en ern into t h e  C ho r izon . P ro f i l es w i th h i gh p e r c en t ag e s  o f  co a r s e 
f r agmen t s  p r e c l uded d e ep e r  s amp l ing . Leg a l  de s c r ip t ions f o r  p edons a r e  
inc l uded w i th p ro f i l e  d e s c r ip t ions in App end ix B .  
S i te Mea s u reme n ts 
Fo l l ow ing e s t ab l i s hment o f  t r ans e c t  ends , ove r s t o ry s t ru c tu r e  
w a s  me a s u r ed a t  each s i t e . C anopy c ov e r  was meas u r e d us ing a s ph er i c a l  
dens iome t e r  ( Le mmon 1 9 5 6 ) . C o v e r  was c a l cu l a t ed a l ong t h e  one 
d imens i on a l p r e - e s t ab l i s h e d  t r an s e c t  l ine eve ry f ive s t e p s  ( ap p r ox i -
m at e l y 4 . 5  m e t e r s ) and inc l uded t r ans e c t  ends . Th� hand - h e l d  in s t rument 
w as r e ad tw i c e  a t  e ach s t o p p ing p o int w h i l e  o r ient ed p a r a l l e l  t o  the 
t r ans e c t  i n  one d i r e c t ion , t h en r e ad a g a in at 180  deg r e e s . R e ad ings 
w e r e  ave r aged a c ro s s  t h e  ent i r e  t r an s e c t  l ine to  obtain an o ve r a l l 
ca�opy cover fo r t h a t  s i t e . B as a l  a r e a  was meas u r ed us ing a c ru i s ing 
p r i s m  ( D i lwo r�h and B e l l  1 9 7 2 )  w i t h  a f ac t o r  o f  t en . Read ings w e r e  
t aken app r ox imat e l y  e v e ry 7 . 5  m e t e r s  and in c l uded t r ans e c t  ends . B �s a l  
area av e r ages w e r e  t hen d e t e rm ined f o r  each s i t e . 
Othe r s i t e  meas u r em en t s inc l uded t r an s e c t  l engt h , t r ans e c t  
h e ad ing , a s p e c t ,  p e r c ent s l o p e , e l evat ion , and t im e  e l ap s ed s in c e  t r e e  
th i nn ing . S l o p e  w as m e as u r e d w i t h  a c l inome t e r  and e l evat ion w a s  
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quadr ang l e s he e t s . T i m e  l ap s e  s in c e  t r e e t h inn ing was d e t e rm in ed b y  
inc r ement bo r ing k ey p in es g ro�� ing w i th in o r  adj acent t o  s i t e s wh i ch had 
b e en s u p p r e s s ed p r io r t o  t h i nn ing . Rad i a l  expans ion o f  pond e ro s a p in e 
t runks occurs  fo l l ow in g  th inn ing ( Ny e r s  1 9 5 8 ) . The r e fo r e , t h i ck ened 
annua l  r ings on t r e e s  fo rm e r l y c omp e t ing w i th othe rs  in c l o s e p r ox im i ty 
ind i c a t ed f as t e r  r a d i a l  g ro�th fo l l ow ing remo va l o f  comp e t ing t r e e s . 
b e l in e a t ions w e re c l e a r  w h e n  s u c c e s s i ve l y  s m a l l e r annua l r ings s udden l y  
expanded . T ime l a p s e  s in c e  t r e e  t h inn ing is i n  A�p e nd ix C .  
U n de r s t o ry Me a s u r e m e n t s  
Y i e l d  
Unde r s t o ry p r odu c t i on w a s  me a s u r ed us i n g  t h e doub l e - s amp l ing m e t hod 
deve l ope d by P e chan i c  and P i ck f o rd ( 1 9 3 7 ) . Doub l e  s amp l ing t r a in in g  was 
n e c e s s ary bo t h  ye a r s p r io r t o  actua l f i e l d  s amp l in g . Tr a in ing was 
c onduct ed bo t h  at  SDSu and n e a r  s i � e  locat ions . Y i e lds we re v i s ua l ly 
e s t im at ed by v e g e t a t i o n  c l as s ( on an oven - d ry b a s is ) n e a r  S D S G , t hen 
c l ipp ed and qu ick l y  dr i ed v i a  m i c rowave oven . �fen t a l adj us tme n t s w e r e  
t h e n  m a d e  b e fo r e r ep e at i ng t he p r o c e s s . T h e  t r a in ing ob j e ct ive w a s  t o  
i n c r eas e accurr acy , b u t  mo r e impo r t an t l y ,  t o  inc r e as e cons i s t ancy in 
es t ima t in g . Tr a in i ng was a l s o  c ondu c t ed in the B l a c k  Hi l l s near s i t e s 
p r i o r  to s amp l ing s inc e  muc _ o f  the v eg e t at ion c on t r as t ed to f l o r a  in 
e as t e rn S o u t h  Dako t a  n e a r  S D SU . S in c e  a m i c r owave was no t ava i l ab l e , 
. • .  , .r· ,•'• ·' · "'· 
d i f f e r ent mo i s t u r e  f a c t o rs w e r e  us ed t o  ad j us t  to oven - dry w e i gh t s , 
depend ing on t he t im e  o f  d ay . 
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P l o t  s am p l ing w a s  p e r fo rmed du r ing l a t e  Ju l y  through e a r l y  
Augus t e a ch y e a r  when s e as o n a l growt h w a s  at max imum . Phy t oma s s ( ab o ve 
ground ) p roduc t ion by v e ge t a t ion c l as s ( g r am ino ids , forbs , and s hr u b s ) ,  
in g r ams p e r  p l o t  ( oven - d ry ) , was es t ima t ed on t e n even l y  s p ac e d  
'
s ubp lo t s a long t h e  t r an s e c t  l in e . On l y  cu r r ent year ' s g r ow t h  w a s  
cons idered on s h rubs . The quadrat f r ame ( 3 0 . 5  X 6 1 . 0  c en t ime t e r s ) w a s  
p l ac ed a l ong t h e  t r ans e c t  w i t h  l ength p e rp end i cu l a r t o  t h e  l in e . As a 
res u l t , a be l t  t r ans e c t  w a s  c r e a t e d  dur ing s amp l ing . A r e f e r e n c e  c o rner 
of  the f r ame w a s  cons i s t en t l y  p l a c ed at each po i n t  a l ong t he t r an s e c t  
t h roughout t h e  s amp l ing s e as on t o  r educe b i as . Howeve r ,  oppos i t e  s id e s  
o f  the l in e  t r ans e c t  w e r e  s amp l ed e a c h  y e a r  s in c e  s h rubs wh i c h  w e r e  
c l ipped t h e  f i r s t  y e a r  wou l d  b e  dam aged o r  sup p res s ed t h e  s e cond y e a r . 
I f  s l as h int e r f e r ed w i t h f r am e  p l aceme n t , the f r ame was moved o n e  h a l f 
t he dis t an c e  t o  t he next s amp l in g  po i n t . A l l sub p l o t s  we r a  es t imat ed 
and two were r andom l y  c l i p p ed at  t he top of t he l i t t e r  l ay e r  a f t e r  
e s t i ma t in g . To r educe b i as , t h e  es t ima t o r  had no p r io r  know l ed g e  o f  
w h i c h  p l o t  was c o  b e  c l i p p e d  un t i l  e s t imat ing was comp l e t e .  The 
c l ipp ings w e r e  s ep a r at ed b y  vege t a t ion c l as s and d r i ed f o r  a t  l e a s t  
t hree days a t  t he S D S u  W e s t R iv e r  R e s e a r c h  S t at ion ( Boxe l d e r  f ac i l i t i e s ) 
in a fo r c ed a i r  oven at 5 0  d e g r e es c e l c ius b e fo r e  t r ans p o r t ing t o  S D S U  
whe r e  s amp l es were s t o r ed in d ry ing f ac i l i t i es . C l ipped we i g h t s  by 
c l as s  we re w� i ghed and r e g= e s s ed a g a ins t es t imated we i gh t s  f o r  the s ame 
p l o t s , gene r a t ing an adj us tment equa t i on f o r  each veget at ion c l as s  on a 
s ub p l o t  b as i s . 
.� . ... . . :· ·. 
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S i t e  u t i l i z a t ion by l ives tock a t  t ime o f
.
s arnp l in g  du r ing 19 8 2  
was m in im a l due t o  l a t e  s e a s on g r az ing o f  pas t u r e s . In 19 8 3 , s ubp l o t s  
on s eve r a l  s i t es r eq u i r ed es t imat ions o f  ut i l i zat i o n  in add i t io n  t o  
we ight e s t im a t ions . L i v e s t o c k  exc l o s u r e  cages ( . 3 6 square m e t e r s ) we re 
p l ac ed on key s i t e s  in m id -Jun e b y  S D S U , S C S , and C S F S  p e r s o nn e l whe r e  
ut i l i zat ion w a s  exp e c t ed to be mode r a t e  t o  he avy . A t  t im e  o f  s amp l ing , 
growt h o f  s p e c i e s in c ag e s  was app r a i s ed s o  , o r e  ac cu ra t e ut i l izat ion 
e s t ima t e s  by vege t at ion c l as s  cou l d  be  made on s ubp l o t s  wh i ch h ad been 
g r azed . 
I n ve n tory a n d  Spec i e s  Compos i t i o n  
A p l ant inv ent o ry w a s  made on e ach s i t e o f  a l l  unde r s to ry s pe c i es 
occurr ing be twe e n  t r ans e c t endpo in t s and l at e r a l l y ext end ing app ro x i ­
mat e l y  f i ve me t e rs  on each s ide o f  t h e  t r an s e c t  ( Append ix F ) . G r e a t e r  
l a t e r a l  d i s t an c e s  wo u l d n o t  ens u r e  t hat p l an t  e v a l ua� ion w a s  c ons i s t en t 
w i t h  c anopy cov e r  fo r a g iv e n  s i t e .  S p e c imens o f  e ach s p e c i e s  
iden t i f i ed a c r o s s a l l s i t e s w e r e  co l l e c t ed f o r  p ro p e r  i d ent i f i ca t i on and 
ve r i f i c at i on .  D i cho t omous ident i f icat ion k ey s ( Van B ruggen 1 9 7 6 , 
H i t chcoc k 1 9 7 1 )  a ided in sp e c i e s ident i f i ca t ion . A ft e r in i t i a l  
app r a is a l  o f  ove r a l l compo s i t ion a t  each s i t e , p e rc e n t  compos i t ion ( by 
oven - dry w e ight ) o f  e ach vege t at ive c l as s ( g r am ino i ds , fo rb� , and 
s hrubs ) �as e s t ima t ed as a p e r c en t  o f  the t o t a l  und e r s t o ry . I nd i v i dua l 
s p e c i e s  w i t h i n  e a ch vege t at �ve c l as s  w e r e  t hen e s t imat ed as a p e r c e n� o f  
the t o t a l  compo s i t i on . Th e summat ion o f  a l l i nd iv idua l s p e c i es e qu a l ed 
.......  
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1 0 0  p e rcent o f  t h e  t o t a l  unde r s t o ry . The s ummat ion o f  e ach s p e c i e s  
w i t h in e ach v e g e t a t i v e  c l as s  equa l ed the p e rcent o f  t h e  t o t a l  und e r s t o ry 
compo s i t ion con t r i b u t ed b y  that c l a s s . T r ac e s  w e r e  g i ven . 5  p e r c e n t  
compo s i t ion t o  e n a b l e  compu t e r  ent ry . 
C ompo s i t iona l e s t imat i ons o f  s p e c i e s  we = e  mod i f i ed in 198 3. A 
f r equency coun t w a s  c o ndu c t ed du r i ng doub l e  s amp l i n g  t o  s e rv e  as an 
ind i c a t o r  o f  dens i ty / d i s p e r s i o n  o f  e ach s p e c i e s . I f  a s pe c i e s  o c cu r r ed 
s in g ly o r  in mu l t i p l e s w i t h i n  t h e f r ame , i t  w a s  g iven a mark . I f  t h e  
s p e c i e s  o c cu r r e d  i n  a l l  t e n  f r ame s , it r e c e i v e d  t e n  m arks ( Mu e l l e r  e t  
a l . 19 74 ) .  F r equency counts s e rved a s  a gu ide t o  e s t im a t e  p e r c en t  
compos i t ion by v e g e t a t ion c l a s s a n d  b y  s p e c i e s  w i t h in a c l as s  a f t e r  a 
t r ans e c t  �as  doub l e  s amp l ed .  The r e f o r e , 1 9 8 3  compo s i t iona l  d a t a w as 
cons ide red mo r e  a c c u r a t e c han 1 9 8 2  e s t imat ions . 
S o i l A n a l y s e s  
B u l k  s amp l e s  f rom e ach ho r izon w e r e  a i r - d r i ed , g round , and 
p a s s ed t h r o ugh a two mm s i eve t o  o b t a �n t h e  f in e  e a r t h  f r a c t ion . S i e ved 
s amp l es were t h e n r ep e a t e d l y  p a s s ed t h r o ugh a G i l s on mod e l S P -3 m in i  
sp l i t t e r  t o  o b t a in a 2 5 0 t o  3 0 0  g r am s amp l e  f o r  an a l ys e s . S o i l  s amp l e s 
w e r e  phys i c a l ly ana l y z e d  fo r . 0 3 and 1 . 5 � P a  ( 1 / 3  and 13 b a r ) mo i s tu r e  
r e t en t ion us ing t h e  p r e s s u re p l a t e  m e t hod ( R i ch a rd s 1 9 6 3 ) . P a r � i c l e  
s ize ana l y s i s  o f  f ine e ar t h  f r a c t ion �as de t e rm i�ed by the p ip e t t e  
m e t hod ( CSDA S o i l  C o ns e rv a t ion S e rv i c e  1 9 7 2 )  cs ing a w a t e r  b a t h  f o r  
� . . , .. .. . " ..... : . 
t empe ratur e con t ro l .  C at ion exchange capac i t y  and e xt r a c t ab l e  b as e s  
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we r e  de t e rm in e d  us ing t h e  buchne r  funn e l  m e t hod w it h  ammonium a c e t at e a t  
pH i ,  fo l l owed by d i r ec t  d is t i l l at io n  and acid t i t r a t ion ( USDA S o i l  
Cons e rvat ion S e rv i c e  1 9 7 2 ) . C a l c ium carbona t e  cont ent was de t e rm ined by 
ino r gan i c  c a rbon d i g e s t i o n , ab s o rp t i o n  b y  KOH , and two - s t ep a c id 
t i t r at ion w i th HC l ( B undy a nd B r emn e r  1 9 7 2 ) . So i l  pH ( 1 : 1  wa� e r  t o  
� 
s o i l )  was d e � e rm ined us ing a Hach k i t  pH me t e r  ( USDA So i l  Cons e rv a t ion 
S e rv i c e  1 9 7 2 ) . O r gan i c  m a t � e i was d e r ived by the wa l k l e� - B l ack M e t ho d  
v i a t he S D S U S o i l  T e s t ing L a b  ( S D S U  So i l  Te s t ing L a b  S t a f f  1 9 8 0 ) . 
D ata A n a l y s i s  
Do u b l e - Sam p l i n g R egres sio n 
Regr e s s i on equa t io n s  we r e  deve l o p e d  f o r  ve g e t a � ive c l as s es e ach y e ar t o  
adj us t e s t imat ed w e i gh t s  du r in g  doub l e  s amp l in g . Trans ect s w e r e  
doub l e - s amp l ed i n  1 9 8 2  eve r  a p e r iod o f  24 days . S amp l in g  b e gan Ju l y  2 7  
and ended Augus t 2 0 . An e ight d ay int e r l ude ( Augus t 1 t hrough Augus t 9 )  
n e c es s it a t ed doub l e - s amp l in g  c o r r e l a t ion and r e g r e s s ion t o  b e  s p l i t in� o 
e a r l y  and l at e  c l ip f o r  ad j us t m e n t  o f  es t imat ions . ( Doub l e  s amp l ing 
s ho u l d  be done w i t h in a cont i guous t im e  f r ame if us ing the s ame 
adj us tment equat ion . )  I n . l 9 8 3 , t r an s e c t s  were s amp l ed o v e r  1 3  c ont inous 
days , � i t h  on l y  one adj us tm n t  equat i on us ed for each v e g e t a t ion c l a s s 
( Tab l e 2 ) . 
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Tab le 2 .  Doub l e - s amp ling r e g r e s s ion b y  v eg e t a t ion c la s s  f o r 
1 9 8 2  and 1 983 . 
Year 
1 9 8 2  
( ea r ly c l ip ) 
( la t e  c l ip ) 
1 9 8 3  
Vege t a t io n  c la s s  
g r amino i d s  
f or b s  
s hrub s  
g r ami no i d s  
f o rb s 
s h rub s 
g r amino id s 
f o r b s  
s hrub s 
Equa t i on 
ac tua l= 2 . 0 3+ . 67 ( es t . )  
ac tua l = . 9 0+ . 5 0 ( e s t . )  
ac tual=- . 7 8+ 1 . 06 ( e s t . )  
ac tua l = . 2 6+ 1 . 2 9 ( e s t . )  
a c tual=- . 3 2+ 1 . 1 4 ( e s t . )  
ac tual= . l 9+1 . 3 3 ( e s t . )  
ac tual= . OS + l . l O ( e s t . )  
ac t u a l= . 3 5+ . 8 8 ( e s t . )  
ac tua l = l . 05 + 1 . 07 ( es t . )  
r �  
. 8 9 
. 8 0 
. 9 2 
. 9 2 
. 8 9 
. 9 5 
. 9 3 
. 7 2  




M i n im a l u t i l i z a t ion b y  l ives tock was encoun t e r e d  on s i t e s  in 
1 9 8 2 . I n  1 9 8 3 , pas tur e rotat ion s ch edu l es caus ed var ious  d e g r e e s  o f  
ut i l izat ion o n  s om e  s i t e s  b e fo r �  s amp l ing was conduct e d . G r e at e s t 
ut i l izat i on o c cu r red on s p a r s e - canop i ed and open s i t e s  o n  Vanacke r and 
S awdus t s o i l s a l though s ev e r a l s i t e s  on S t ovho and Trebo r s o i l s in 
W i l l i ams D r aw we r e  a l s o  g r az ed . 
S hrub e s t ima t ions had h i gh e s t c o r r e l a t ion in 1 9 8 �  w h i l e  f o rb s  
d i s p l ayed l ow e s t cor r e l a t i o n  ( Tab l e  2 ) . I n  1 9 8 3 , h i ghe s t  c o rr e l at io n  
was w i th g r am ino ids a n d  l ow es t aga in w a s  w i th f o r b s . R - s qu a r e d  v a l u e s  
r anged f r om . 8 0 to . 9 5 i n  1 9 8 2  and f rom . 7 � t o  . 9 3 in 1 9 8 3 . 
U n d e r sto ry P rod u c t i o n  
Ad j us t ed s ubp l ot we i gh t s  w e r e  ave r a g ed fo r e ach s i t e  t r ans e c t , r e s u l t in g  
in 84 obs e rv a t ions ins t e ad o f  840  ( 1 0 p l o t s / s i t e  X 8 4  s i t es ) . Ove r s t o ry 
s t ru c t ur e , s i t e , and s o i l  ind i c e s  r ep r e s e n t ed e ach s i t e . Thus , d at a 
ana lys is us ing ind i v idua l s ubp l o t  y i e l d  d a t a  wou l d  b e  imp r op e r  s in c e  
o t h e r  s i t e  p a r ame t e r s  r ep r e s en t e d  t h e  ent i r e  s i t e  r at h e r t han e ac h  
s ubp l ot . Mu l t ip l e  r e g r es s ion us ing S t at i s t i c a l Ana l ys i s  S y s t em 
( S A S ) ( R ay 1 9 8 2 ) was imp l em ent e d . S o i l s , s i t e , and fo r e s t  meas u r ements  
w e r e  us e d  as independent v a r i ab l es f o r  each v ege t at ion c l as s  and for  
t ot a l  vege t at ion t o  p r ed i c t  the dep enden t v a r iab l e  ( y i e l d ) . S o i l s w e r e  
us ed a s  dummy var i ab l e s . 
Unders t o ry phyt omas s ( y i e l d )  by v e g e � a t i on c l as s was mode l e d 
us ing t h e  STE P\\ I S E  p r o c e du r e  w i t h  the :1AXR opt ion ( Ray 1 9 8 2 ) . STEP\•i i SE 
. . ....... .. . . 
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b r ings add i t iona l ind e p end en t va r iab l e s in t o  the mode l in a p ro g r e s s iv e  
mann e r  bas ed o n  t h e  o rd e r o f  impo r t ance f o r  imp rov ing t h e  coe f f i c i ent o f  
d e t e rm inat ion ( r - s qua r ed ) . : rAXR cons i s t ent l y s e eks t h e  comb inat ion o f  
independent v a r iab l es fo r a g iven s t ep w h i ch p roduces t h e  g r e a t e s t  
r - s qu a r ed fo r p r ed i � t i n g  t h e  dependent v a r i �b l e .  I f  a d i f f e r ent 
comb ina� ion o f  ind e p e nden t v a r i ab l e s w i l l  p r odu c e  a g r e at e r  r - s qu a r ed , 
t he MAXR o p t ion b r ings in a s ub s t i L u t i on s t e p , r e p l ac ing t h e  l ea s t 
imp o r t ant v a r i ab l e  w i th t h a t  w h i c h w i l l r e s u l t i n  a g r e a � e r  r - s q u a r ed . 
I f  no fu r t h e r  imp rovem e n t  in r - s q u a r e d  is p o s s 1 b l e by inco rpo r a t ing 
ano t h e r  ind e p e ndent v a r i a b l e , STE P\v i S E s t o p s pro c es s ing . B e s t  mod e l s  
w e r e  d e t e r m i n ed by e v a l u a t i ng a s i gn i f i c an t  imp rovemen t  i n  t h e  e r r o r s um 
o f  s qu a r e s  at t he . 1 0  p ro b ab i l i t y l eve l u s i n g  t h e  F - t e s t  ( S t e e l and 
To r r i e 1 9 8 0 ) . 
I n c l us ion o f  � h e  s o i l  t e rms as dummy :a r i ab l e s n e c e s s i t a t ed t h e  
u s e  o f  o n e  s o i l  as � he in t e r c e p t . The r e fo r e , P act o l a ( no r � h  a s p e c t ) w a s  
a r b i t r a r i l y c ho s en f o r  i n i t i a l mod e l ing . I f  o t h e r  s o i l s d i d  not ent e r  
in t o  the mode l ,  t h ey w � r e  no t d i f f e r e n t  f rom : he int e r c e p t  s o i l  a t  t h e  
. 1 0 p r o bab i l i t y  l e ve l . I nt e r ac t i o ns b e tw e e n  t h e  mo s t  impo r t an t  
ind e p enden t v a r i ab l e s  w e r e  a l s o ev a l ua t ed . 
Long - t e rm unde r s t o ry y i e l d  p r e d i ct i on equa t io n s  w e r e  p ro du c ed 
w i t h  mu l t ip l e r eg r e s s i on u s i n g  s o i l s , c ov e r , s o i l - b y - c ov e r  i n t e r act i ons , 
and p re c ip i t a t ion t o  exp l a in t h e  l a r g e  y i e l d  d i f f e r e n c e s  b e tw e en 1 9 8 2  
and 1 9 8 3 . Mode l s  r e p r e s e n � ed g r am ino i d , f o r b , h e r b age ( g r am ino i d+ f o rb ) , 
s h rub , and t o t a l  p r odu c t i o n . 
/ 
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Vegetat ion  
Und e r s t o ry compo s i t ion d a t a fo r 1 9 8 2  and 1 9 8 3 was eva l u a t e d  t o  d e t e rm in e  
o c cu r r en c e  o f  s p e c i e s  b y  geomo rp h i c  r eg ion , b y  s o i l , and b y  c anopy 
cove r . M a j o r  s p e c i e s  w e r e  d e t e rm i ned from 1 9 8 3 compos i t iona l d at a . 
On l y  s pe c i es cont r ib u t ing at l e as t f ive p e r cent o f  t h e  t ot a l  und e r s t o ry 
on at l e as t two s i t e s  f o r  a g iv en s o i l  w e r e  cons ide r e d  maj o r . 
Compo s it i ons and t r e nds w e r e  eva l ua t ed by p l o t t ing p e rcent compo s i t i o n  
ag ain s t p e r cent c anopy cov e r  f o r e a ch s p ec ies  on e ach s o i l .  Th e r e f o r e , 
e a ch p lo t  conta ined 1 2  c o o r d in a t e s  ( 1 2 s i t es / s o i l )  ac ros s a va r i e t y o f  
c anopy co v e rs . 
Rat ing s o f  s h ad e t o l e r ance fo r maj o r  s pe c i e s , r e l at iv e  t o o t he r 
s p e c ies  in the und e r s t o ry , w e r e  d e t e rm in ed b y  eva l u a t ing compo s i t i on s  
w i thi n p r ede t e rm ined c anopy cov e r  c l as s e s . I f  compo s i t ions d e c r e a s ed 
dramat i ca l ly as c anopy cov e r  i n c r e a s ed f rom s p a r s e  ( 0  to 2 5 % ) t o  
mode r at e  c o v e r  ( 2 6 co 5 0% ) , t h a t  s p e c i e s  r e c e ived a l ow s hade t o l e ran c e  
r at ing . M o r e  s ub t l e  de c r e as e s in t o  mode r at e  cov e r s  w e r e  cons i d e r ed 
mode r a t e  t o l e r an c e  t o  s ha d e . �1 i n im a l de c r e as e s , no change ,  o r  inc r e as e s  
i n  compo s i t ion a s  cove r s  r e ac h ed ov e r 5 0% ( dens e cove r ) r e s u l t ed i n  h i gh 
s hade to l e r ance r a t in g s  f o r  s p e c i e s . 
G ra z i n g  Pote n ti a l  
Lon g - t e rm herbage and g r am ino id p roduct ion equat ions deve l op e d  in this  
s �udy w e r e  us ed t o  p r ed i c t  g r a z ing p o t ent i a l  f o r  cat t l e . The s e 
equa� ions w e r e  inco rpo r at ed into a f o r age y i e l d  mod e l  r e g r e s s ing y i e l d 
·� t·· , • .• .� ..... 
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aga ins t c anopy cov e r  f o r  e a ch s o i l . Th e fo r b  y i e l d  r e p r e s e n � ed t he 
d i f f e r ence b e tw e e n  t h e  g r am ino id and h e r b age y i e l ds in t h e  mode l . 
Unpa l a t ab l e  s p e c i e s  w e r e  r emoved on ly f rom t he f o r b  comp o n e n t  s in c e  
n e a r ly a l l g r arn ino ids \v e r e  p a l a t ab l e  t o  l iv e s tock . Remo v a l o f  t h e  
unp a l at ab l e f o r b s  w a s  a c comp l i s hed by f i r s t s umm ing 1 9 8 3  e s t imat ed 
compos i � i ons o f  a l l  p a l a t a b l e £o r b s  fo� each s i t e . The p e r c e n t  
pa l a t a b l e  f o r b s  w a s  d i v ided b y  t he p e r c en t tot a l  f o r b s , equa l l ing t h e  
p a l at ab l e p e r c e n t a g e  of  t o t a l  f o r b s . Th i s  p e r c e n t a ge was av e r ag e d  o v e r 
t ho s e  s i t e s w i t h in t h e  s p a r s e c anopy cov e r  c l as s  and t h e  mod e r a � e  c anopy 
cove r c l as s  fo r e a c h  s o i l . Av e r a ges o f  canopy cove r s  f o r  s i t e s  w i t h in 
e ach o f  t h e  co ve r c l as s e s was a l s o  d e t e rm ined . I n  t h i s  way , t h e  X 
v a l ue s  o f  two X - Y  coo rd i na � e s  w h i ch r e p r e s ent ed the p e r c en t  p a l at ab l e  
fo rbs \v as de t e rm in e d . D e r iv a t ion o f  t he Y va l u es o f  � h e s e coo r d in a t e s  
was d i r e c t l y  r e l at ed to t h e  v e rt ica l d i s t ance b e tw e en t h e  g r am in o id 
r eg r e s s ion and h e rbage r e gr e s s ion l in e s . Thus , a canopy cove r c l as s 
ave r ag ing 6 0� pa l a t a b l e  f o r b s  and 1 4% c anopy = ov e r  con t a ined a 
coordinat e a t 1 �� cov e r  and a �  6 0 �  o f  t he d i s t an c e  f r om t h e  g r am ino id t o  
the he r b age r e g r es s ion l in e s . A r eg r e s s ion l in e  w a s  t h en d r awn t h rough 
t he s e two coo r d i na t e s  t o  r emove � h e  p o r t ion o f  fo rbs ( above t h e  l ine ) 
wh i ch w e r e  u�p a l at ab l e . D ens e cov e r s  ( g r e a t e r  t h an 5 0% )  w e r e  not 
con s i d e r ed w h e n  i n t e rp o l a t ing t he fo r a ge r egres s i on l in e  dens e s i t es 
p roduced m in im a l h e r b age , de - emphas iz ing t h e n e ed f o r  r emov i n g  an 
unp a l a t ab l e  comp o n e n t  w i t h i n  t h i s c ov e r  c l as s . 
I n i t i a l  s t o c k i ng r a t e  g u i d e s  w e r e  d ev e l op e d  f rom f o r age 
p rodu c t ion m o d e l s  for e a ch s o i l , u s ing no rma l p r e c ip i t at i o n , s p e c i f i c 
4 8  
c anopy cove r s  r ep r es e nt ing c ov e r  c l as s e s , and 3 0  to 40% fo r a g e  
u� i l izat ion . Fo r ag e  p roduc t ion mode l s  we r e  app l i ed t o  a s e l ec t ed 
g r az ing a l l o �ment w i t h in the B l a ck H i l l s . Tent at ive NCS S  s o i l  maps 
cove r ing the a l l o tment we r e  us e d  to de t e rm in e  a r eas o f  mapp ing un i t s  
f ound in t h a �  a l l o t m e n t . �l app ing un i t  inc l u s ions we r e  e i t h e r  comb ined 
w i � h  m a j o r  fo r e s � s o i l s  dom ina t ing t he un i t s o r  added t o  the a r e a s  o f  
non - fo r e s t map un i t s , d e p e nd ing on the l ands c a p e  p o s i t ion and n a t u r e  o f  
the s o i l . A s e l e c � ed canopy c o v e r  and fo r a g e  ut i l izat ion f a c t o r  
conv e r t ed p r ed i c t ed to � a l  fo r age p r odu c t i o n  t o  av a i l ab l e  f o r ag e  o n  
fo res t s o i l s . Cnme as u r ed p rodu c t io n on non - f o r es t s o i l s  was e s � imat ed 
for i l l us t ra t ive purpos e s . Numb e r s  and c l as s  o f  cat � l e  tha� t h e  
a l l o tment co u l d s up p o rt du r i ng a s e as on \� i t h  no rma l  p r e c ip i t at ion du r in g  
l a t e  s p r ing t h ro u g h  e a r l y  s umm e r  ( f1ay - June ) w e r e  s ugg e s t ed .  
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R E S U L T S  A N D  D I S C U S S I ON 
S i te - S o i l R e l at i o n s h i p s  
The r ange in e l e v a t ion and s l ope f o r  t h e  se l ec t ed so i l - asp �ct 
comb inat ions ( Tab l e  2 )  r e f l e c t s  th e i r c l a � s i f i cat ion , h i l l s l op e  
pos i t ion , and i n  re l at i v e  t e rms , t h e i r  f am i l y t e xtur e .  S i t e s  l o c a t ed e n  
S t ovho and T r e bo r s o i l s  w e r e  p rom ine n t ly h i gh e r  i n  e l e vat ion t han s i t es 
o n  othe r s o i l s inves t iga t ed . S ites on Pac �ola and V i r ku l a  so i l 3 had 
l o\.; e r  e l evat i. on a l  r an ges t han tho s e  o n  V ano c k e r  and S a�rd.ust s o i l s . Th e 
c l � s s i £ i c a t ion o f  S tovhos and T r e b o r s  r e f l e c t s t h e h i gh e l ev at ion o f  
t he s e s o i l s  i n t o  the co l d e r C ry o bo r a l fs at  t h e  G r e a t  G roup l e. v e l . The 
r ema in i ng s i t e s  at l ow e r e l evat i ons are on s o i l s in t he f r i g i i 
t emp e r n t u r e  r e g im e which c l as s i f y as E u t robo r a l f s  o r  Us t o r t � e n � s . 
S l o p es we r e  r e l at iv e l y gent l e  on S t ovho and T r e bo r  s i t e s , 
i�d ic a t ive o f t h e  n e a = l y  l eve l c o  undu l a t ing t o p o g r aphy in t h is r e 3 i on . 
Th e s l ight l y  h ighe r s lope � e an foF $ i t e s on 7 r ebo r so i ls r e f l ec t s  the 
h i gh e r h il ls l op e  pos i t ion whe r e  t he s e  s o i l s a r e  deve l op ed , comp a r e d  t o  
S tovhos . I n  con t r as t , P a c t o l a  s i t e s ( in c l u d i n g  both no rth  and s ou t h  
a s p e ct s ) w e r e  q u i t e  s t e ep , r ang ing f r o� 1 6  t o  4 0  p e r c ent s l op e s i n  the 
rugged metamorphic r e g i o n . The V i r ku l a  s o i l s w e r e  d e ve lop e d  in l ow e r , 
mo r e  gent l y  s l op ing l ands c ap e  p o s i t i ons t h an P ac t o l as , con t a in ing sit es 
Tab le 3 .  Selected s ite 
Soi l Elevat i o n  
(meters) 
P acto la ( N )  1 5 1 5 - 1 5 7 6  
Pactola ( S) 1 5 0 2 - 1 5 2 7  
.. V irkula 1 4 6 6 - 1 5 3 9  
Stovho 1 9 54- 2 0 7 6  
Trebor 1 960- 2 0 7 6  
Vanocker 1 588- 1 64 3  
Sawdust 1 6 3 0- 1 6 5 5  
measu rements b y  soi l . 
% s lope 
range mean s 
1 6- 3 1 2 2 . 8  4 . 6  
2 3 -40 29 . 8  4 . 3  
8- 1 7  1 1 . 3 2 . 5  
3- 1 3  7 . 7  3 . 6  
5 - 1 8  1 1 . 9  4 . 5 
1 7 - 3 5  2 3 . 2  5 . 8  
1 1 - 3 6  25 . 5  7 . 5  
% canopy 
range 
3 - 6 7  
1 - 5 6  
1 -6 6  
5 - 7 2 
1 7 - 7 3  




1 2 - 1 1 5  
1 3- 1 1 3  
3 - 1 1 5 
1 8 - 1 7 5  
4 6 - 2 3 5  
2 2 - 1 3 7  
5 - 7 8  
s o  
·� .. , . . . .. 
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t hat exh i b i t ed a l ow e r  m e an and r ange o f  s l ope . S i t e s on b o t h  V ana cke r 
and S awdus t s o i l s  h av e  s t e e p  s l o p e s , av e ra g in g 2 3  a�d 2 6  p e r c e n t , 
r e s p e c t ive l y . S t e e p  b a cks l o p e s  a r e  comman in t h i s  h i gh l y  d i s s e c t ed 
reg ion wh e r e  Vano ck e r s  and S awdus t s  h av e  deve l op ed . 
S o i l  t extu r e s  on b acks l o p e  and � hou l de r  p o s i t ions a r e  typ i c a l l y 
s ke l e t a l  in t h e  B l a ck H i l l s . P r e c i p i t a t ion , w h i c h a cc e l e r a t e s  c h em i c a l  
�nd p h y s i ca l w e a t he r in g o f  p a r e n t  mat e r i a l , i s  l e s s  e f f e ct ive o n  
b acks l o p e s  comp a r e d  t o  foo t s l o p e s d u e  t o  runo f f  a n d  l o�v e r  in f i l t r at ion 
r a t e s . I n  add i t ion , c o l l uv i a l - a l l uv i a l  t r ans po r t  of f ine r t ext u r e d  
p a rt i c l e s n o t a b l y  o c c u r s  f r om b a cks l o p e s  t o  foo t s lop e s  i n  the m e t a ­
mo rp h i c  r e g ion . To ge t h e r t h e s e f a c t o r s we r e  r e s pons i b l e  f o r  gene r a l l y  
coar s e r  t extu r ed s o l um s  and s k e l e t a l  mod i f i e r s o f  t ex � ur a l  f am i l i e s  fo r 
s o i l s  on b acks l o p e  and s ho u l d e r  p o s i t i o n s . Conve r s e l y , t h e  f in e r  
t extu r e d , n o n - s k e l e t a l  s o i l s  we r e  i n  foo t s l o p e s  i n  t h e  C en t r a l  
C rys t a l l in e  A r e a . H i l l s l o p e  pos it ions o f  c ry ic s ed iment a ry s o i l s  
s t ron g l y  in f l u en c e d  d i f f e r e n c e s  i� co a r s e  f r a gment con t en t . Howeve r ,  
t extur e  was no t cont r as t ing due t o  t h e  n a t u r e  o f  t he f ine t ex t u r e d  
p a r ent m at e r i a l . 
F o re s t  I n d i c e s  
C a n o p y  C ove r a n d  B a s a l  A re a  
Ove r s t o ry canopy c o v e r s  a n d  b as a l  a r e a s  ac r o s s t h e  8 4  s i t e s inv e s � i g a t ed 
r an g ed f r om o p en c anopy to d e ns e canop i e s  w i t h  dogh a i r  s t ands ( Ap p enc ix 
.. ... , .. . . .. 
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C ) . A l l s o i l s con t a i n e d  a �  l e as t on e s i � e  w i th c anopy cover a t  o r  l e s s  
t h an f iv e  p e r c e n t  e x c ep t  T r e bo r ( Tab l e  3 ) . S i t e s  w i th dens e � im b e r 
s t ands r e ached o v e r  7 0  p e rcent c anopy on bo t h  c ry i c  s o i l s . H i ghe s t  
b a s a l  a r e a s  w e r e  a l s o  f ound on t h e s e s o i l s , re ach in g a t  l e a s t 1 7 5 
s q . f t . / a c r e  in dens e m ixed - do gh a i r  s t ands . 
H i gh c o r r e l a � i o n  e x i s t s  b e tw e e n  c anopy c o v e r  and bas a l  a r e a  
· (F i g . 7 ) . Regr e s s i o n  ana l ys is r e s u l t ed i n  a n  r - s qu a r e d  va l u e  o f  . 8 3 , 
w i t h the fo l l ow ing equat i o n  t o  p r ed i c t  c anopy cov e r : 
c ov e r = . S l ( b as a l  a� e a )  - 1 . 9 4 
Both var i ab l e s  we re l at e r  t e s t ed � o  de t e rm in e  wh ich was mo s t  impo r t an� 
t o  p r e d i c t  unde r s t o r y y i e l d . 
T h i n ni n g  A ge 
Time s ince th inn ing , as d e � e rm i ned oy inc r e men t  bo r ing , w as fo und �o b e  
h igh l y  v a r i a b l e . I n  g e ne r a l , s i t e s  l o c a t ed i n  de n s e  dogh a i r  s t ands had 
not b e en t h inn e d  f o r  an ind e t e rm i� a t e l eng th o f  t im e . S i t es w i �h 
highe s �  c anopy cove r s  and b as a l  a r e a s  on S t ovho , T r e bo r , and P ac t o l a  ( � )  
s o i l s  w e r e  i n  dogha i r  s � an d s . S i � e s w i t h  h ighes � canopy cov e r s  o n  
V i rku l a s o i l s ' w e r e  in m a t u r e , l a rge d i ame t e r ponde r o s a  p in e s t ands . 
H i gh t im b e r  dens i t i e s  w e � e  n o �  found on e i t h e r  P ac � o l a  ( S )  o r  S awdus � 
s o i l s , po s s ib l y due t o  t h e i r  s ou t he r l y as p e c t s  wh i ch may not s uppo rt 
dens e s � ands . S e e  App e n d ix C f o r  t h inn ing ages o f  s i t e s . 
I n  the c ry i c  s e diment a ry area  ( F i g . 6 ) , s i t es in W i l l i ams D r aw 
we r e t h inned on l y  t h r e e  ye a r s  p r io r to 1 9 8 3 . Searby s it es a �  � h e  
. ..  � . .  · · · 
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j un c � ion of W i l l i ams D r aw and S ix - m i l e  Road w e r e t h inned four y e a rs 
p r ev ious l y  w h i l e  tho s e a�  B e a r  �1ou n t a in w e r e  t h i nn ed a� l e as t n in e  y e a r s  
b e fo r e  1 9 8 3 . 
S i t e s  n e a r  Moon ranged f rom n in e  t o  twen ty - n in e y e a r s  s in c e  
t h inn i n g . A t  s i t e s 9 a n d  1 0  h o� e v e = ,  t h e  ov e r s t o ry w a s  t h inn ed i n  
m id - Jun e  o f  1 9 8 3 , r educ in g canopy cove r s  by 3 4  a n d  24  p e r c en t , 
r e s p e c t ive ly . Th is s udd e n inc r e a s e in l ight pen e t r at ion to t h e f o r e s t  
f l oo r d id no t  no t i c e ab l y c h an g e  und e rs t o ry p r oduc t ion dur in g the s ho rt 
� ime in c r eme n t ( 1  1 / 2 mo n t hs ) b e f o r e  s amp l i ng . Th e r e f o r e , ad j us t me n t s 
in o v e rs t o ry s t ru c t u r e s  f o r 1 9 8 3  y i e l d ana l ys e s we re n o t  w a r r an t ed . 
A l l s i t e s in t he f r i g i d s ed i m e n t a r y  zone ( F i g . 6 )  w e r e  l oc a t ed 
n o r t h  o f  t h e  Te e p e e  Wo rk C e n t e r . The s e  s i t e s w e r e  � h inn ed 9 t o  1 1  y e a r s  
p r io r  t o  1 9 8 3  exc e p �  f o r  t h e  dens e d o gh a i r s t and a t  s i t e 4 1 . 
I n  t he f r i g i d  m e t a mo rp h i c  z o n e , s i t es 4 9 - 6 0  ( Pa c � o l a ( N ) ) w e re 
� hinned f o u r  � o  f i ve y e a r s  p r i o r  to 1 9 8 3  w h i l e n e a rby s i t e s  on V i r ku l a 
s o i l s ( 6 1 - 6 3 )  w e r e  t h i nn ed t h r e e  y e a r s  e a r l i e r . Two is o l a� ed Pac t o l a  
( N )  s i t es n e a r  S i l v e r  Moun � a in ( 6 6 & 6 7 )  w e r e  t h in ned s e ven y e a r s  p r i o r  
� o  1 9 8 3 . S it e s  s o u t h  o f  S h e r i d an L a k e  had no � b e e n  t h inned f o r  
app roximat e l y 2 1  y e a r s  ex c e p t  # 6 8 , wh i c h  w a s  t h inned o n l y  t h r e e  ye ars 
ago . In  C lo g  Gu l ch w es t o f  S h e r idan Lake , s i t e s w e r e  t h inne d 1 1  y e a r s  
p r i o r  to  1 9 8 3 . The P a c � o l a  ( S )  s i tes immed i a� e ly no r t h  o f  S i l v e r  
Moun t a in we r e t h inned e i g h �  t o e l e v en y e a r s  b e f o re 1 9 8 3  b u t  t r e e  s t ump s 
w e r e  s p ar s e , in d i c at ing no e a r l i e r  s t ands o f  dens e do gha i r  t imb e r  p r io r  
t o  t h in n ing . Re f e r  to Ap p e nd ix A fo r s i t e  l o c at ions . 
-.. . ... . � . '. - . .  , . . . .. 
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A l l s i � e s w h i ch h ad a fo r es � c anopy w e r e  dom ina t ed by P inus 
ponde ros a . B e t u l a  p ao v r i f e r a w a s  � n f r equent l y  s c at t e r ed ac ros s m any 
s i t es in \·/ i l l i arns D r aw· on S t ovho and Tr ebo r s o i l s and on Pacto l a  ( N )  
s o i l s on S i l v e r  �lo un t a i n . Poou l us t r emu l o i de s o c cu r r ed on t h e  s am e  
s o i l s a s  B e t u l a  papyr i f e r a  b u t  wa s p r e s ent in g r e a t e r  amo unt s .  Qu e r cu s  
mac ro c a rpa was f o und on l y on V i r ku l a  and P a c t o l a  ( S )  s o i l s n e a r  S i l v e r  
�1oun t a in . 
I n  s p i t e o f  r e l a t ive l y  a c cu r a t e measurement s o f  p as t t h inning 
d a t e s , on e has no me a s u r e o f  the c anopy cov e r / b as a l  a r e a  p r io r  � o  �he 
t h inn ing op e r a t ion . Th i s  m e a s u r e m e n t  mus t b e  us ed w i t h  e x t r em e  caut ion 
i f  ev a l ua� ing d i f f e re nc e s in unde r s t o ry p roduct ion du e t o  p os t - t h inn i n g  
s t and a g e  d i f fe r e n c e s . Thus , no s i t es w e r e  l o c a t ed in r e c e n t l y  t h inned 
s t and s  whe r e  num e r ous s tump s w e r e  p r e s e n t . 
P eden C h a r acte r i z a t i o n  
S o i l  O r d e r s  
A l l  p edo ns cha r ac t e r i z e d  in this  s tudy w e r e  c l as s i f i ed a s  A l f i s o l s  
except the S awdu s t  p r o f i l e s , wh i c h  w e r e Ent i s o l s  t r an s i t i ona l to 
I nc e p t i s o l s . �e a r l y  a l l  p e don s w e r e  l o c a t ed w i t hin fo r e s t ed r eg i ons o f  
� he B l a ck H i l l s und e r  e x i s t in g  f o r e s t ov e r s t o r i e s  o r  in fo r e s t o p en in gs 
f o r� e r l y  o c cup i ed b y  t r e e s . The r e f o r e , t h e  b i o t i c f ac t o r h a s  h e av i l y 
inf l u e n c e d  deve l opment o f  a l l  s o i l s  ex c e p t  S awdus t s . 
' . . . ..... 
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D ev e l o pment o f  S awdus t s o i l s , found o n  s ou t h - f ac ing s l o p e s  i n  
� h i s  s cudy , a r e  g r e a t ly in f l u enced by a s p e c t . P r e c ip i t a t ion on the s e  
s o i l s i s  l e s s e f f e c t ive than as s o c i a t ed s o i l s  o n  no rt h aspe c t s s in c e  
c a l c ium carbona t e s  h ave no t b e e n  l e ached f rom the s o lum .  I n  add i t ion , 
l e s s  ground cov e r  has r e s u l t ed in i n c r eas ed s he e t  e ros ion and mo r e  
co ars e f r agme nt s  a t  t h e  s u r f a c e  compa r ed t o  s o i l s  deve l op ed o n  no r t h  
aspe c t s . A r g i l l i c ho r i z o n s  h a v e  no t deve loped w i t h in t h e S awdus t 
p ro f i l e s . I n  con t r as t , a l l o t he r s o i l s d i s p l ay l e s s ivage ( c l ay 
m i grat ion ) w i t h a r g i l l ans v i s i b l e  in mos t B t  ho r i zons . Thus , S awdus t  
p ro f i l es have us t i c mo i s t u r e  r e g im e s , f r i g id temp e r a t u r e  r e g ime s , o c h r i c  
ep ipedons , and c l as s i f y in t o  t h e  s ubo rde r o f  O r t hen t s . O c h r i c  
e p i p edons , ud i c  mo i s t u r e  and f r i g id to c ry i c  t emp e r a t u r e  r e g im e s  p l ac e  
the remaining pedons int o t h e  s ubo rd e r  o f  B o r a l f s . 
I n  near l y a l l  p e dons de s c r i b ed in backs lope / s ho u lde r pos i t i o n s , 
coa r s e  f � agm e n t  con t e n t  in c r e as ed w i t h dep th but cont inued to d i s p l ay 
bed rock f r a c : u r ing beyond the depth o f  s am p l ing . Th e f in e earth 
f r ac t ion f i l l ed the int e rs t i c e s  c o  max imum de pt h of s amp l in g  but c o a r s e 
f = agment con t ent in s ome pedons d e r ivec from l im e s t one near l y  r e a ched a 
f r agment a l  t extu r a l  modi f i e r . D ue t o  the s t ony nature o f  the p a r ent 
ma�e r i a l , no p edons we r e  s amp led c o  a de f in i t e  l i th i c  cont act � but we r e  
s amp l ed and de s c r ibed at l e as t  1 0  e m  into  t h e  C ho r izon . A l l  p edons 
were mode r at e l y  de ep t o  d e ep with we l l - dr a ined p ro f i l es con t a in in g  no 
mot t l es w i t h in s amp l ing depth . 
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F r i g i d  Metamo rp h i c S o i l s  
P edons c h a r ac t e r iz ed in t h e  C ent r a l  C rys t a l l ine Zon e  a r e  p r edom inan t l y  
dev e l op ed f r om s l a t e . P ac t o l a  p edons c ont a ined s ke l e t a l cont r o l 
s ec t ions w h i l e  V i rku l a p edons po s s e s s ed m i n ima l coars e f r agme n t s  and 
�on - s ke l e t a l  c on t ro l s e c t ions . A l l p edons c l as s i f i ed to t h e  s am e  
subg r oup ( Typ ic Eut r o bo r a l f s ) due t o  h igh b a s e  s at u r a t ion ( S e e  App end ix 
B ) . F am i ly t extu r a l  c l as s i f i c a t i o n  fo r V i rku l a  pedons p l ac ed t hem into 
the f in e  t e xtu r a l fam i l y ( App end ix B ) . Pedous # 7 5  and # 7 1 cont a ined 
35 . 4  and 3 i . O  p e r c e n t  c l ay ,  res p e c t ive l y  ( as a we i gh t ed ave r a g e ) in t h e  
cont ro l s ec t ion wh i l e  b o t h  h ad l e s s  t han 1 5  p e rc ent s and . The h i gh s i l t  
p l us c l ay con t ent o f  V i rku l a  p edons r e f l e c t s the i r  dev e l opment i n  a 
s i l ty m ant l e  o f  s o r t ed co l l uv i a l - a l l uv i a l  mat e r i a l  ove r l y ing m e t amo rph i c 
rock . Lowe r  s and t o  s i l t p l us c l ay rat ios  o f  V i rku l as v e r s us P ac t o l as 
demons t ra t e s  the s o r t in g . � £ f ine r t e x tured p ar t ic l es as s o c i at ed w i th 
V i rku l as ( App end ix B ) . V i rku l a m ine r a l  s u r f ace ( A )  ho r i zons a l s o  
con t a ined mo r e  o r gan i c  ma t t e r  t h�n Pacto l a  s o i l s , r e s u l t in g  i n  g r e a t e r  
cat ion exchange c ap ac i ty ( CEC ) . 
Th e mo s t  con t ras t ing c h a r a c t e r i z at ion data b e tw e e n  P a ct o l a  and 
V i rku l a  s o i l s w e r e  c o a r s e f r a gm e nt  cont e n t s  and t o t a l  s and f r ac t ions . 
P act o l a  p edons cont a ined s ub s t an t i a l l y  mo r e  t o t a l  s and and coa r s e 
f r agm ent s th r ou ghout t h e  p ro f i l e t han V i rku l a  p edo ns . P r ev ious 
m ine r a l o g i c a l  an a l ys e s  on P a ct o l a s o i l s  ( �at iona l So i l  Survey Lab o r at o ry 
1 9 7 9 ) r epo rt ed i l l i t i c and mon t mo r i l l in i t ic c l ay f ra c t ion s . R at i os o f  
1 . 5 MPa wat e r  t o  c l ay i n  t he B t  ho r izons ( . 4 1 t o  . 46 )  ar e s uppo r t ive o f  
i l l i t i c and mont mo r i l l on it i c m in e r a l o gy ( App end ix B ) . P act o l a  p e dons 
. .. .. ...... . .. ., 
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w e r e  qu i t e  var iab l e  i n  c l ay con t e n t , p a r t i cu l a r l y  i n  t h e  B t  ho r izons . 
Arg i l l ans w e r e  n o t  d e s c r ibed o n  P a c t o l a  ( S )  #5 9 b u t  we r e  p r e s e n t  in 
o t h e r  P ac t o l as d e s c r ib ed . A s ub s t an t i a l c l ay inc r eas e in the B t  ho r izo n 
o f p edon #5 9 f o l l ow e d  by a de c r e as e in t h e C ho r izon ind i c a t es c l ay 
m igrat i o n , w i t h  t o t a l c l ay in c r e as e  exceed ing m i n imum r e q u i r em e n t s f o r  
arg i l l i c ho r izons . V i r ku l a  s o i l s man i f e s t ed a r g i l l ans and m u c h  h i gh e r  
c l ay con t en t s  i n  B ho r izons t h an ov e r ly ing e l uv i a l  h o r izons o f b ot h  
p ro f i l e s , e s t a b l i s h ing t h e  p r e s e n c e  o f  a r g i l l i c ho r i zons . H e n c e , 
V i rku l a  p edons c l as s i f i ed as F ine , montmo r i l l in i t ic Typ ic E u t r ob o r a l f s 
�hi l e  P ac t o l a  p edons � e r e  Loamy - s ke l e t a l , m ixed , Typ ic Eut robo r a l fs .  
A l t ho u gh one may e x p e c t  d i f f e r ences i� d ep th o f  s o l um d ev e l op ­
ment b e cw e en no r t h and s o u t h - f ac ing a s p e c t s  o f  t h e  P ac t o l a  p ro f i l es , 
mo rpho l og i c a l ex am in a t ion d i d  n o t  suppo r t  th i s hypo t he s is . So l um d e p t hs 
on s ou t h as p e c ts w e r e  5 0  and 8 5  em wh i l e  no r t h  as p e c t s  w e r e  7 2  and 8 4  
em . Howe ve r , o t h e r  no t ab l e  d i f f e r e n c e s  i n  h o r izo n a t ion and l ab o r a t o ry 
ana l ys e s  d i f fe r en t i a t e as p e c t s . 
P a c t o l as on no r t h as p e c t s  ( P ac c o l a � )  d i s p l ay ed much l ight e r 
c o l o r  vc l u es in t h e  E ho r izon t h a n  s out h a s p e c : s . Th e l a ck o f  l i gh t e r 
c o l o r  o n  s ou t h - f ac i n g  s l o p e s  d i s qu a l i f i e d  th em as A lb i c  h o r izons . Le s s  
deve lopment o f  E ho r i zons o b s e rved o n  s outh aspe c t s  i s  a l s o ev i dent b y  
comp a r ing p H  v a l ue s  end o r g an i c  ma t t e r .  On s o ut h - f a c ing s l o p e s , h i gh e r  
pH v a l ues and o r gan i c  mat t e r  co n t en t s  o c cu r  i n  t h e  E ho r izon , ind i c a t i v e  
o f  l es s  h umus l o s s and h i ghe r b a s e s a t u r a t ion . H igh e r  o r g an i c  m a t t e r 
cont ent s in mine r a l  A ho r izons o c c u r  on no r t h - f ac ing P act o l a s .  Th i s  
s u gg e s t s  g r e a t e r  add i t i o n s  o f  o rgan i c  mat t e r , b iomas s p r oduc t i o n , and/ o r  
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l owe r r a t e s  o f  humus decompos i t ion as s o c i a t ed w i th mo r e  ac i d i c  p H . 
H ighe r  B t  t o  E c l ay r a t i o s  on P a c t o l a  no r t h  as p e c t s comp a r ed t o  s o u t h  
as p e c t s  ( 2 . 2  and 3 . 1 v e r s us 1 . 4  and 1 . 6  on no r t h  and s outh a s p e c t s , 
res p e c t i ve l y ) a l s o  i l l us t r a t e  mo re int ens e c l ay e l uv i a t ion f rom E 
ho r i zons and i l l uv i a t i on i n  B e  ho r i zon s on no r t h  expo s u r e s . 
Th e V i r ku l a  p edons me t t h e  r a n g e  o f  cha r ac t e r is t ics  f o r the 
e s t ab l i s hed s e r i e s  ( So i l S u r v e y  s � a f f  1 9 8 0 ) . So i l  co l o r s  c r e at ed 
p rob l ems in co r r e l a t ing P a c t o l a  p r o f i l e s . P ac to l a pe do n #5 9 cont a in e d  
d a rk e r  v a lue s i n  t h e E ho r izon a n d  P a c t o l a pedons � 5 0 , 164 , a nd #84 
c on t a ined redde r h u e s  i n  t he B t  ho r i zon t h an cu r r e n t l y a l l ow e d  f o r  the 
es t ab l is hed s e r i e s  ( S o i l  S u rve y S t a f f  1 9 80 ) . How eve r , P ac t o l as m apped 
w i t h i n  t h i s  a r e a  by � C S S  s o i l s c i e n t i s t s  o f t e n cont a in 7 . 5 YR hu e s and 
w i l l  t en t a t ive l y  be inco rpo r a t ed in t o  t h e range o f  ch a r a c c e r is t i cs f o r  
t h i s  s e r i e s . ( S o i l  S u rv e y  S c a f f - p e r s o n a·l commun i ca t ion ) . 
C ry i c  S e d i me n ta ry S o i l s  
Pedons c h a r ac t e r ized and d e s c r i b e d  i n  � h e  c ry i c  s o i l  t emp e r a t u r e  r e g im e  
we r e  deve l oped f r om P ah a s apa l ime s t on e . P a r t i c l e  s iz e  d a t a  ( Appendix B )  
ind i c a t ed a g en e r a l l a ck o f s an d - s i z e d  f r ac t ion s in t h e  p a r en t  m at e r i a l . 
The v e ry f in e s and w a s  dom i n ant w i thin the t o t a l  s and f r act ion 
t h r o u ghout t h e  s o l ums of  a l l  four p edons charac t e r iz e d . 
To t a l  c l ay con t ent s in t he con t ro l s e c t i o n  w e r e  n o �  cont r as t ing 
b e tw e en S t o vho an d T r ebo r s o i l s  d u e  t o  t h e  m i n e r a l o gy o f  t h e  p a r en t  
mat e r i a l . Lime s t o n e  imp � r i � i e s  w h i c h f o rm e d  t h e  s o i l  w e r e  p r edom inent l y  
o f  s i l t  and c l ay - s i z ed p a r t i c l e s , a s  o p p o s ed t o  bet t e r  g r ad e d  m e t a -
mo rph i c  m a t e r i a l  f r om w h i c h P a ct o l a  and V i rku l a  s o i l s � e r e  d e r iv e d . 
C o l l uv i a l - a l l uv i a l  t r a n s po r t  o f  s u r f a c e  m a t e r i a l wou l d  t h e r e fo r e  n o t  
g r e a t l y  e f f e c t  t e x t u r e . 
6 0  
S im i l a r  t o  t h e  m a j o r  co n t r a s t  b e tw e en b a cks l op e  and fo o t s l op e  
s o i l s  i n  t h e  m e t amo rph i c  z o n e , S t o v ll o and T r e b o r  p c dons d i f f e r  m o s t 
app r e c i ab l y  in co a r s e  f r agm e n t c on t e n t . S t o vho p e do n s  cont a in e d  v e r y  
f ew c o a r s e f r a gm e n t s  t h r ougho u t  the  s amp l in g  depth  wh i l e h i gh p e r c e n t ­
a g e s  w e r e  p r e s ent in T r e bo r  p ro f i l e s . 
C u t ans w e r e  d e s c r i b ed i n  t he B t  h o r izons o f  bo t h Trebo r and 
S tovho p e do n s . I n  add i t i on t o  a r g i l l a ns , o r g a n s  w e r e  p r e s e n t  on p e d  
f a c e s  in a l l Bt  ho r i z o n s  o f  bo t h  s o i l  t y p e s  ( Ap p e n d i x B ) . La r g e  c l ay 
inc r e as e s f rom t h e E t o  t h e  B t  ho r i zo n s  w e r e found in a l l  p ro f i l e s . 
Thus , a l l  p edo n s d i s p l a y ed l e s s i v a ge , r e s u l t ing in a r g i l l i c s ub s u r f ac e  
h o r izons . Th e s e  ho r i z o n s  t y p i c a l l y  con t a in ed h u e s  o f 7 . 5 YR ,  inc i c a t i v e  
o f  unhyd r at e d i ron o x i d e r e s u l t in g from good d r a in age a n d  a e r a t i o n  ( S o i l  
S u rvey S t a f f  1 9 i 5 ) . H i gh C E C  i n  t h e  B t  ho r i z o n s and h i gh 1 . 5  �P a w a� e r  
t o  c l ay r a t i o s  ind i c a t e s m e c t i t e - type c l ay m i n e r a l o gy .  B o t h  s e t s  o f  
S t ovho and T r e bo r p ed o n s  c o n t a i� e d  f r ee c a l c i um c a rbon a t e s  b e l ow t h e  
s o l um ,  � e ach in g 7 4  p e r c e n t  i n  t h e  C ho r i z o n  o f  �5 Tr eb o r . F r e e  c a l c ium 
c a rbon a t e  co nt ro l s  t h e  pH a t  l ow e r d e p t hs e x c e p t  fo r T r e b o r  #5 , wh i c h  
w a s  app a r en t l y  in f l ue n c e d b y  t h e  unu s u a l l y  h i g h  o r g an i c m a t t e r  cont e n t 
in t h e  C ho r izon , as ind i c a t ed b y  a l ow e r  p H  as w e l l  as c a l c ium 
c a rbonat e e q u i v a l e n t  t h an T r ebo r 18 . 
S h r ink in g and s� e i l ing du e  t o  h i gh s�e c t i t e - type c l ay c o n t e n t s  
i n  B t  ho r i z ons o f  T r e b o r  s o i l s may b e r e s p o n s ib l e  f o r  m o v e m e n t  o f  
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o rg an i c mat t e r  in t o  d i s s o l u t ion c r a c ks o r  vo i d s  a r ound t h e  c o a r s e 
f r agments w i t h i n  and und e r l y in g  t h e s o l um o f  p ro f i l e s s tu d i e d . O r gan i c  
f i l l ings are mo rpho log i c a l l y d e s c r i b e d  i n  Append ix B .  Ext reme l y  
s k e l e t a l  t extu r a l  mod i f i e r s d e s c r i b e d  t ex tu r e s b e l ow the B t  ho r i zon in 
bo th T r e b o r  s o i l s . Th e � e f o r e , t r a n s l o c a t i on o f  s i g n i f i c ant amount s  o f  
s u r f a c e  ( o r gan i c ) m a t e r i a l  i n t o  s u b s u r : a c e  ho r i z o n s  and t h e  upp e r  p a r t  
o f  the unde r l y ing m at e r i a l wou l d  cont r ib u t e  g r e a t l y  t o  t h e  p e r c e n t  
o r g a n i c  m a t t e r  i n  t he f ine  e a r t h  m a t e r i a l . Add i t ions o f  o rg an i c  m a t t e r  
into ho r izons co n t a in ing h i gh p e r c e n t a g e s  o f  coa r s e  f r agm e n t s  wou l d  
r ap id l y  inc r e as e t h e  p e r c e n t  o r g an i c  m a t t e r  exp r e s s ed i n  t h e  f in e  e a r t h  
f r a c t ion comp a r ed t o  no n - s ke l e t a l  p ro f i l e s . Th e dark ye l l ow i s h  b r own 
( mo i s t )  co l o r  o f  C m a t e r i a l f rom p e d o n  �8 ind i c a t e s  t h e  p r e s en c e  o f  
o rg an i c  mat t e r . A l though co l o r  in t h e  C ho r i z on o f  p e don # 5  was l igh t e r  
t han #8 , t h e  ex t reme l y  h i gh c a l c i um c a r b o n a t e equ iv a l en t  o f  # 8  ( 7 4 . 2% )  
w a s  p ro b ab l y  mas k ing co l o r . I n  S o i l  Ta x onomy ( S o i l  S u rv e y  S t a f f  1 9 7 5 ) , 
d a r k  c o l o r  r equ i r em e � t s  f o r  :to l l ic e p i p edons a r e  wa i v ed when g r e at e r  
than 4 0  p e r cent ca l c ium c ar b o n a t e i s  p r e s en t  s in c e  it  a c t s  a s  a w hi t e  
p i gment . D e e p e r p ro f i l e  s amp l i ng w o u l d  l ike l y  r e v e a l C m at e r i a l  w i t h  
much lower o r g an i c m a t t e r  con t e n t s  and c o l o r s  exp r es s ing t h e  t rue co l o r  
o f  t h e  p a r en t  m at e r i a l  i n  b o t h p ed o ns . 
B o t h  Tr ebo r p e dons and S t o vho # 1  con t a in h i ghe r c l ay cont ent s  
i n  t he B t  ho r izons t han a r e  a l l owed fo r the s e r i e s ( S o i l S urvey S c a f f  
1 9 7 6 , 1 9 7 9 ) . I n  add i t i o n , t h e  S t ovhc p r o f i l e s  d id no t have c o n t i guous A 
ho r izons , a l t hough t h i n  i n � e rm i t � en t  l e ns e s o f  A mat e r i a l  w e r e  e v i d en t  
in the s amp l in g  p i t .  The r e fo r e . t h e  S tovho p edon s d o  no t c l as s i fy int o  
, •  . . . . . 
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t h e  mo l l ie s ub group o f  t h e  e s t ab l i s h ed s e r i es . I ns t e ad , t hey a r e  F in e , 
montmo r i l l i n i t i c , Typ i c  C ryobo r a l fs . Th e �C S S  has p ropo s ed t ha t  t h i s  
s e r ie s  b e  r e c l as s i f i ed t o  Typ i c  C ryo bo r a l fs rath e r  than Mo l l i e 
C ryobo r a l f s ( So i l  S u rvey S t a f f - pe rs ona l commun ic at ion ) . 
A c co r d in g  t o  S o i l  Taxonomy ( S o i l  Survey S t a f f  1 9 7 5 ) , i f  d e pt h  
t o  t h e  bas e o f  an a r g i l l i c ho r i zo n  is  l e s s  than 2 5  em , t h e  f am i l y  
t e xture i s  b a s ed o n  t he p ro f i l e  t ex t u r e  t o  a dep th o f  1 . 25 m e t e r s , o r  t o  
a l i th i c  con t act , w h i c h eve r i s  s h a l lowe r . Th e es t ab l i s hed s e r i e s  fo r 
Trebor s o i l s has an a r g i l l i c ho r i zon l e s s  t han 25  em but  t h e  p ro f i l e s  
de s c r ibed i n  t h is s t udy h av e  d e p t hs s l ight l y  g r e a t e r  t h an 2 5  em . 
The r e fo r e , t he s e  Tre bo r p edons c l as s i fy as C l ayey - ske l e t a l , m ixed Typ ic 
C ryobo ra l fs ins t e ad o f  Lo amy - s ke l e t a l , a ga in c r e a t in g  a t ax aj unct . Th i s  
i s  o n l y  a m ino r t e chn ica l i t y  in c l as s i f i cat ion s ince ho rizon boundar i e s  
can b e  wavy t o  i r r egu l a r , vary ing s e ve r a l  c e nt im e t e r s  a c r o s s  t h e  p edon 
f a c e  o= s k e l e t a l  p r o = i l e s . 
Fr i g i d  Se d i m entary Soi l s  
S awdus t and Vano ck e r  p edons w e r e  dev e l o p ed in s andy l im e s t o n e . Th e 
p e rcent t o t a l  s and ind i c at es a mo r e  s andy p a r ent mat e r i a l  t han S t ovho 
and Trebo r s o i l s  ( Appe n d i x  B ) . The pedons des c r ibed w e r e  l oc a t ed in the 
H inn e lus a s ands tone f o rmat ion b u t  n e a r  s ma l l inc lus ions of P ah a s ap a  
l ime s t one ( no t  s hown ) ( Comp a r e  F i gu r e s  5 and 6 . )  B y  examina t i on o f  t h e  
coars e f ra gment s f o u n d  � i t h in the  s amp l in g  p i t s , b o t h  S awdu s � p edons and 
Vana ck e r  # 1 9 p edon w e r e  d e r i ved f rom s andy l ime s t one �hi l e Vana cke r #4 1 
conta ins s ome c arbonaceous sands t on e  f r agment s . F in e  and v e ry f in e  s and 
f r ac t ions a r e  domin an t  th roughout a l l  p ro f i l es . 
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Vana c ke r  p r o f i l e s a r e  v e r y s ha l l ow t o  t h e  b a s e o f  t h e a r g i l l i c 
ho r iz o ns , r e a ch in g  on l y  1 1  c o  1 2  em in t h o s e p ro f i l e s exam ined . 
A l tho ugh l e ns e s  o f  E m at e r i a l  w e r e  r e c o gn i z ed , t hey w e r e  no t s u f f i ­
c i e n t l y  d ev e l op e d  t o  adequat e l y d e s c r i b e  and s amp l e . Th e s e  imm at u r e 
p edo l o g i c a l  f e at u r e s  o f  V an o c k e r s  p rov i d e t h e  ma j o r c o n t r a s t  b e tw e e n  t h e  
V ana c ke r a n d  S awdus t s o i l s . \ e i t he r  a rg i l l i c s ub s u r f ac e ho r iz o n s  no r 
ev idence o f  E ho r i z o n s e x i s t  in S awdus t p e d o n s . The s e s o i l s hav e  
geo l o g i c  m a t e r i a l , h i l l s l o pe po s i t i on a n d  p e r c e n t  s l ope , and c l imat e in 
common . Th e r e fo r e  a s p e c t , comb i n e d  w i t h  v e ge t a t i on , co n t r ib u t e s  a 
s t rong in f l u e n c e  � o  d i f f e r en t i a t i o n  o f  s o i l  d ev e l o pm e nt . S t e e p , 
s o ut h - f ac ing s l o p e s  r e c e i v e  g r e at e r in c i d en t  r a d i a t i on , c aus ing g r e at e r 
evap o t rans p i r at io n  t h an n o r th - f a c in g  s l o p e s . I n  add i t i on , a dr i e r  
m i c r o c l ima t e  s up p o r t s  l e s s  p l an t  c o ve r , inc l uding f o r e s t o v e r s t o ry , 
wh i ch cou l d  o t h e rw i s e  r ed u c e  s u r f a c e  evapo r a t ion and c r eat e o t h e r 
c on d i t ions condu c i v e  co a cha nge in s o i l  d ev e l op me n t . I n  comb inat ion , 
t he s e fac � o r s  d i s a l l ow s u f f i c i ent wat e r  movement , d i s s o l u t i o n , and 
l e ac h in g of ca r bon a t e s t h rou g h t h e p ro f i l e , a p r e requ i s i t e  t o l e s s ivage 
in mo s t  s i t uat ions . :1o r e  e f f e c t i v e  p r e c ip it a t ion and g r e a t e r  d en s i t i e s  
o f  p in e  o n  no rt h a s p e c t s  has r e s u l c ed i n  weak deve l opment o f  a n  E 
ho r i zon in bo t h. V anacke r  p r o f i l e s . S u r f a c e  o r g an i c ma t t e r  l e v e l s  w e r e  
h igh e r  o n  V an a ck e r  t h an S awdus t s o i l s , a l s o  i l l us t r a t ing t h e  d � f f e r en� es 
in m i c r o c l ima t e and v e g e t at ion . 
So i l  t emp e r atur e d a t a  co l l e � t ed on Augus t 1 5 , 1 9 8 3  ( Tab l e  4 )  
d emons t r a t e s  h ighe r d ay t im e t emp e r a t u r e s  o f  s o ut h - f a c ing s lo p e s , 
p a r t i cu l ar l y und e r  s p a r s e c ano p i es . At 5 0  em dep t h , und e r  s p a r s e 
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Tab l e  4 .  D a y t i m e l so i l  t eop e r a t u r e  comp a r i s o n s  b e tween Vana c k e r  
and Sawdu s t  s o i l s . Da t a c o l l e c t ed 8 - 1 5 - 8 3 . 
S PARS E CAJ.\IOPY 
S awdus t 1 2 9  - a z imu t h  23 1 ° � 
s u r f a c e  c o nd i t i o n : no l i t t e r 
and s u nl i t ; 3 5 %  s l o p e . 
�o i s t u r e  s t a t us : nea = w i l t i � g  
p o i n t  t o  50 c.:n . 
• '1 t :..:ne "' 
1 4 1 6  
1 4 1 9 
1 4 2 3  
1 4 2 7  
1 4 3 0  
1 4 3 6  
d e p t h  
( em )  
l 
1 0 
2 0  
3 0  
4 0  
5 0  
t emo . 
( oc ) 
4 7 . 5  
3 6 . 5  
2 6 . 0  
2 4 . 5 
2 3 . 0  
2 3 . 0  
Vano c ker 11 2 0  - az imu t h  2 9 5 ° N 
sur f a c e  � o nd i t i o n : l cm ne ed l e  
and g ra s s  li t t e r  and s un l i t ;  
2 0 %  s l o p e . 
mo i s ture s t a tu s : near wi l t i ng 
p o i n t  t o  50 em . 
t ime dep t h  t emp . 
(em )  
( OC ) 
1 5 1 1 l 3 9 . 0  
1 5 1 4 1 0  3 1 . 5  
- 1 5 1 9  2 0  2 3 . 5  
1 5 2 5 3 0  2 0 . 5  
1 5 3 2  4 0  l 8 . 5  
1 5 3 8 5 0  1 7 . 0  
�OD ERATE C.-L'10PY 
Saw·dus t tfJ 2  - a z imu t h  1 7 0  ° 04  
sur fac e c o nd i t io n : 2cm need l e  
li t t er and 3 ha d e d. ; 1 9% s lo p e . 
�o is t ur e  s t 3. tu s : neat" wi l t ing 
p o i n t  to 50cm .  
t ime d e p t h t e!Il.p . 
( em )  ( oc ) 
1 4 4 0  1 3 3 . 0  
i 4 4 � 1 0  2 4 . 0  
1 4 4 9  2 0  2 1 . 5  
1 4 53 3 0  2 0 . 5  
1 ' - -
� -t J / 4 0  1 8 . 5  
1 503  5 0  1 7 . 5  
Vanacke r ;,: 2 2  - a z imu t h  3 5 5 ° N 
s u r f a c e  c o nd i t i o n : 2 cm n e e d l e  
l i t t e r  and s ha d ed ; 24%  s l o p e . 
mo i s t u r e  s t a t u s : near •..; i l t i ng 
p o i n t  t o 5 0cm . 
t i:ne d e p t h  t emp . 
( em )  · 
( oc ) 
1 54 2  1 3 1 . 0 
1 5 4 5 1 0  2 4 . 0  
1 5 4 9  2 0  1 9 . 5  
1 5 5 5  3 0  1 6 . 5 
1 6 0 0  4 0  1 6 . 5  
1 6 0 9  5 0 1 5 . 0  
1 sky c o nd i t i o n s  cl ear and a i r  t emp e ra t u r e  o i  3 2 °� .  
2�ou n t a i n  Day l ig h t  Time . 
c anopy , t h e  V a n o c k e r s o i l  w a s  s ix de gr e e s  c e l c ius coo l e r  t h an t h e  
s p a r s e l y canop i ed S awdus t s o i l  wh i l e s u r f ac e � emp e r at u r e  d i f f e r en c es 
we r e  even g r e a t e r . ? im i l a r r e l a t i ons h ips ex i s t ed und e r  mod e r at e 
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canop i e s bu� w e r e  l e s s  con t r as t i n g . �o� e  the cont ras t i n  t empe r ature·  
t hrou ghout t h e  s amp l in s  de p t h  b e tween S awdus t s i � e s due to s had e . The 
� empe r atu r e o f  t h e  S awdu s � s o i l was compa rab l e  t o  th e V an o ck e r  s o i l  
unde r  s haded cond i � ions . A l l p ro f i l e s  w e r e  ext r eme l y d ry due t o  l ack o f  
s i gn i f i cant pre c ip � t a � ion . 
An i n � e r e s t in g  con� r a s t in mo rpho l o gy exi s t s  b e tw e e n  t h e  
S awdus t p edons de s c r i b ed and s amp l ed . T h e  p edon at s i t e  # 2 9  was l o c a t ed 
in a n e ar l y  o p e n  cov e r  o f  p in e  w i t h ev id enc e o f  on l y  i s o l at ed p r e ­
ex i s t ing p in e s . S awdus � p ed on # 3 0  was l o c a t ed up s l op e app rox imat e ly 3 0  
met ers and w i t h in a mod e r a t e  canop i ed s t and o f  po nd e r o s a  p ine . M in ima l 
ho r izonat ion w a s  de s c r i b ed at p i t # 2 9  wh i l e p i t  # 3 0  m an i f e s t ed mo r e 
comp l ex ho r i zonat io n . A l t hough a c amb i c  ho r izon did no t o c cur in # 2 9 , 
ne a r l y  a l l  t h e  requ ir e m e n t s  w e r e  me � at # 3 0  excep t fo r gr e at e r t h an t han 
5 0� d es t ru ct i on o f  p a r e n t  r o ck ( So i l  Survey S t a f f  1 9 7 5 ) . The r e fo r e , t h e  
l ack o f  d iagnos t i c s u bs u r f a c e ho r izo ns p l ac es b o � h  pedons int o  t h e  s oi l 
o rd e r  o f  E n � i s o l s . Jud g i n g  f rom d i f f e r ences  in ho r izona t ion b e t w e en 
p edons 2 9  and 3 0 , t he in f l ue n c e  o f  p in e  £o r e s � on pedon 3 0  has 
appa r ent l y e x i s t ed for a much longer t ime p e r iod . A l though bo th p e dons 
a r e  in the c a l c ar eo u s  f am i ly , p edon #30 was n o t  c a l car eous above 11 em 
dep t h . Th i s  pedon is l ik e ly deve l op in g  int o an A l f i s o l and w i l l  
p robab ly con� inue i f  t h e  cu r r ent env i ronmenta l f a c t o r s  rema in s t able . 
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Large p o r t ions of  t h e  B l a ck H i l l s a r e a  were s p a r s e ly f o r e s t ed 
t o  non - f o re s t ed o n l y  a c e n t u ry ago , ev idenced by pub l i s hed pho t o s  t aken 
dur in g  t h e  Cus t e r Exp e d i t i o n  ( P ro gu l s k e  1 9 7 4 ) . S o i l s s uch as t h e  
Vanockers  a n d  S awdus t s  a r e p ro b ab l y  t r an s i t ion a l  and unde r go ing r ap i d  
changes due t o  t h e  con t e mp o r a ry in c r eas e s  in f o r e s t ove r s t o ry w it h  
r e s u l t an t  changes i n  m i c ro c l imat e . Th is c an exp l a in t h e  l ack o f  s t ro n g  
E ho r izon d e v e l o p m e n t  on V anock e r s  s amp l ed .  
C o r r e l a t ion o f  p edons to e s t ab l is hed s e r i es i s  not pos s ib l e  due 
t o the p r opos ed r e c l as s i f i c� t i on of the Vanack e r  s e r i e s  and t h e  p ropos ed 
new c l as s i f i c a t ion f o r  t h e  S a�du s t s o i l s . Vanock e rs w i l l t en t a t i ve l y  b e  
r e c l as s i f i ed f rom Lo amy- s k e l e t a l , m ixed , Typ i c  E u t r o c h r e p t s  t o  
Lo amy - ske l e t a l , m ix e d , Typ ic E u t robo ra l f s .  The p ropo s ed S awdus t s e r i es 
i s  c l as s i f i e d  a s  Lo amy - s ke l e t a l , m ixed , ( c a l ca r e o us ) ,  Typ i c  U s t o rthen t s . 
A l l f our p edons des c r ib ed in t h i s  s tudy c l as s i fy t o  the i r  r es p e c t i v e  
p ropo s ed f am i l y c l as s i f i c a t ions . 
U n der story P rod uct ion 
1 982 Prod uction 
A numb e r  o f  independent v a r i a b l e s we re me as ured wh i ch cou l d  t h e o r e t i ­
c a l l y  b e  us ed t o  p r e d i c t  y i e l d . The s e  inc luded e l evat i o n , as p e c t , 
s lo p e , c anopy cove r , b a s a l  a r e a , and s o i l  type . E l evat i o n  is a s s o c i at ed 
w ith s o i l  c l as s i f i c a t ion by v i r t u e  o f  f � ig i d  and cryic s o i l  t empe r at u r e  
r e g ime s . I n  add i t i o n , a cont inuum o f  e l evat ions d id not o c cur a c ro s s 
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s it es but r a t he r a c l us t e r ing w i t h in n a r row r anges  o f  e l evat ion . Thus , 
e l evac ion was om i t t ed f rom c h e  mode l .  A l t hough a s p e c t  c an b e  h ig h l y  
s i gn i f i c an t  to p roduc t ion , c h r e e  s i t e - by - s o i l g roup ings ( r es u l t ing in 
four  s o i l - as pe c t  t yp e s ) w e r e  d e f ined by as pect . They are P a ct o l as on 
no r t h  and s o 1 1 t h - f a c in g  s l op e s , Vanocke r s  on no r t h - fac ing s l op e s , and 
S awdus c s  on s outh - f ac ing s l op e s . The r e fo r e , as p e ct was noc u s ed s in c e  
i t  w a s  i n t e g r a t e d  w i t h  s eve ra l s o i l s and may h ave co l l in e a r  char a c t e r i -
s i t i cs w i t h s o i l . B as a l  a r e a  �as e a r l i e r  s hown c o  b e  h i gh l y  co r r e l a t ed 
t o  canopy cov e r  s o  was no t inc l ud ed in in i t i a l  mode l ing but w a s  l at e r  
t e s t ed aga ins t c anopy cov e r  t o  d e t e rm in e  wh i ch was the b e tt e r  p r e d i ct o r  
o f  y i e l d . Th e r em a in ing in dep e nd e n t v a r i ab l es o f  s l ope , canopy c o ve r , 
and s o i l  t yp e  w e r e  t r i e d  in mu l t ip l e reg re s s ion . 
Regres s ion r es u l t s u s ing STEPW I S E / MAXR for g r amino ids ( G ) , 
forbs ( F ) , s h rubs ( S ) , and to t a l  p roduc t ion ( T )  in 1 9 8 2  a r e  l i s t ed in 
Tab l e  5 .  C anopy cove r was the mos t impo r t ant independent v a r i ab l e  f o r  
a l l components o f  y i e l d  s ince i t  enc e red as t h e  f i r s t  s t ep f o r  e a ch 
y i e ld component .  The cov e r  c o e f f i c i en t  was negat ive fo r a l l component s , 
indi c a t ing an inve r s e  r e l at ions h ip b e tween canopy cov e r  and y i e l d .  
How eve r ,  cove r a l one exp l a ined o n l y  a mode rat e . amount o f  the y i e l d  
va r i a� i l i ty , p a r t i cu l a r ly fo r s h rub p r�duct ion . V a r ious s o i l s  e n t e r e d  
int o a l l  y i e l d  mode l s , s ign i f i c ant l y  imp rov ing t he s um o f  s qu a r e s  a t  
e a ch s t ep . 
The b e s t mode l s  f o r  e ach componenc a r e  a l s o  l i s t ed in Tab l e  5 .  
The int e r c e p t  r ep r e s en t s  the h i g he s t  p r oduc ing s o i l  f o r  e ach r e s p e c t ive 
y i e l d  component to  i l lus t r at e r e l at ive re l at ion s h ip s  b e tw e en s o i l s . 
Tab le 5 .  Yield 1 nred ict ion models for  1 98 2  us ing STEPWI S E /� ­
S lop e , canopy cover , and s o i ls 2 were the ind ependent 
variab les t r i ed . �1odels t e s ted for improvement SS  a t  the 
. 1 0 level  o f  s i gni f icanc e . 
GRAMINO ID S 
S t ep 1 
Bes t Model 
' cover ' ent ered 
2 
r = . 3 1  
" 
Y = 2 2 . 1 - 7 . 7 (PN) - . 4 . 7 (P S ) - 6 . 7 ( TR) - 9 . 5 (VA )  
- 9 . 4 ( SA )  - . 2 6 (cover )  
ST , VR in tercep t 
2 
r . 5 7 
FORBS ---
S t ep 1 
Bes t  �1odel 
VR = intercep t 
SHRUBS 
S t ep 1 
' cover ' ent ered 
" 
Y = 9 . 6 - 3 . l (PN)  - 3 . 3 (P S ) - l . S ( ST )  - 2 . 7 ( TR)  -
1 . 3 (VA) - 5 . 8 ( SA)  - . 1 1 ( c over ) 
' cove r ' ent ered 
/\ 
2 
r = . 5 7 
2 
r . 08 
68  
Be s t  Model Y 
(wi th s lop e )  
2 1 . 9 - 2 3 . 7 ( P S ) 1 6 . 6 (VR)  - 1 1 . 9 ( ST )  - 7 . 0 ( TR)  
- 2 1 . 8 ( VA) - 2 S . O ( SA)  + . 3 8 ( s lop e )  - . 20 ( cove r ) 
PN = interc e p t  
Bes t Mod e l  
(withou t s lop e )  
PN = int ercep t 
/\ 
2 r = . 7 4 
3 1 . 2 - 20 . 9 (PS ) - 20 . 9 (VR )  - 1 7 . 6 ( ST )  - 1 1 . 0 (TR) 
- 2 1 . 6 (VA) - 26 . 8 ( SA)  - . 2 1 ( cove r ) 
r
2 = . 7 1 
TOTAL 
S t ep 1 ' cover ' entered 
2 
r = . 3 7 
Bes t "Model  
(wi th s lop e ) 
" 
y = 4 1 . 1 - 2 0 . 8 (P S ) - 5 . 4 (VR) - 4 . 5 ( TR )  - 2 1 . 3 (VA ) -
ST , PN = intercep t 
" 
Bes t Model Y 
(wi thou t s lop e )  
3 2 . 0 ( SA) + . 4 3 ( s lope ) - . 5 7 ( cover ) 
2 r = . 8 1  
5 2 . 1 - 1 8 . 3 (P S )  1 0 . 9 (VR)  - 7 . 7 ( ST )  - 9 . 7 (TR )  
- 2 1 . 8 (VA)  - J l . l ( SA )  - . 5 9 (cove r )  
PN = in terceo t r 2 = . 8 0 
l yield g iven in gms / p l o t ( d ry mat ter ) x 5 3 . 8 1 8 = kg/ha 
2Pac to la (N)  = PN , Pac t o la ( S )  = P S , Virkula = VR ,  S t ovho S T , 
Trebo r  = TR , Vanacker = VA , Sawdus t  = SA 
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P a c t o l a  N w a s  o r i g in a l ly us ed a s  = h e  int e r cept i n  a l l  mod e l s  t o  r e ve a l  
t h e  h i gh e s t y i e l d ing s o i l . P o s i t i \· e  o r  n e ga t i v e  co e f f i c i en t s  f o r  a s o i l 
inc luded in t h e  mode l a r e  a dded t o  t h e  i n t e r c e p t  t o  d e r iv e  t h e  
app rop r i at e  l ev e l o f  p roduc t iv i t y  fo r t ha t  s o i l  a t  0% canopy cove r . 
P e r c ent cover i s  mu l t i p l i e d  w i t h  t h e  cov e r coe f f i c i en t , t h e n  add ed t o  
t h e  s o i l  t e rm t o  d e r i v e  a p r ed i c t ed y i e l d  f o r  a g iven canopy cove r  o n  a 
g i v en s o i l . Y i e l d  comp a r i s ons b e t 1� e e n  s o i l s c an b e  made w h i l e  ho l d in g  
c anopy cov e r  ( and s l o p e  i n  l a t e r  mode l s ) cons t an t . Exam in a t i o n  o f  co ve r 
r e s i du a l s  fo r  a l l v e ge t a t i o n  mode l s  f a i l ed t o  r e ve a l  p at t e rn s  wh i ch may 
ind i c a t e inapprop r i a t e  mode l ing . 
Th e b e s t mod e l fo r g r am ino i d  p rodu c t ion inc l uded s o i l s and 
c anopy cov e r  as ind e p e nd e n t  v a r i ab l e s . Toget h e r , s o i l s  and cov e r  
exp l a ined 5 7 � o f  t h e  var i ab i l i t y  in y i e l d . Re g r e s s ing y i e l d  aga in s t 
canopy cov e r  f o r  e a c h  s o i l ( s ) i l l us t ra t e s  h i gh e s t p roduct i o n  on S t ovha·s 
and V i rku l as which y i e l d ed 1 1 8 7  kg/ h a 6 at 0� c anopy cove r . S o u t h  
as p e c t s  o f  P a c t o l a  s o i l s  o u t y i e l ded no r t h  as p e c t s  b y  1 5 0  k g/ h a . The 
low e s t g ram ino id p roduc t i on was s ha r ed co l l e c t ive l y  by P a c t o l a  (N) , 
T r e bo r ,  Vanacke r , and S awdus t s o i l s . To g e t h e r  t hey averaged app rox i -
rnat e l y 7 5 0  kgj ha und e r  no canopy cove r . Equat ions a r e  grap h i ca l l y 
r ep r e s ent ed in A pp end i x D .  Th e ef f e c t o f  ident i c a l  canopy cov e r  
coe f f i c ients fo r e ach s o i l  r e s u l t s  in c on s t ant d i f f e r en c e s  ( p a ra l l e l  
l in e s ) in p ro du c t i on b e tw e en s o i l s acros s the ent i r e  r ang e o f  cove r . 
6 E quat ion va l u e s  ar e  in gms / p l o t  ov e n - dry . A f ac t o r  o f  5 3 . 8 1 8 c onve rt s 
t o  kg/ h a  d ry mat t e r . 
Fo rb p rodu c t i o n w a s  a l s o  d i f f e r e n t  b e tw e e n  s o i l s  but· ag a in 
canopy cove r was mos t i mp o r t an t in y i e l d p r ed i c t i on (Tab l e  5 ) , 
exp l a in ing n e a r l y  t h e  s am e  amount o f  y i e ld va r i ab i l i ty as in t h e  
g ram ino id mode l .  Th e b e s t mo d e l had an r - s qu ared va l u e  s im i l a r  t o  
gram i n o i d s . V i r ku l a  s o i l s o u t p r oduc ed a l l o t h e r  s o i l s , y i e l d i n g  ove r 
S O C kg/ h a  und e r no c anopy c o v e r .  The l ow e s t f o rb p r o d u c e r  ( S awdus t ) , 
7 0 
wh ich w as a l s o o n e  o f  t h e  l ow e s t g r 3m ino id p r oduc e r s , y i e l d ed on ly 2 0 5  
k g / ha und e r  o p e n  c an o p i e s . T r ebo r , P act o l a  ( N ) , and P a c t o l a ( S )  w e r e  
no t d i f f e r en t i n  fo r b p roduc t i on , ave r a g i ng approxima t e l y  3 5 0  kg/ h a  a t  
co v e r . 
B e s t mode l s  fo r s h rub and t o t a l p roduc t io n in 1 9 8 2  inc luded a 
s l o p e  compo n e n t  in add i t ion t o  cov e r and s o i l component s ( Tab l e 5 ) . The 
po s i t iv e  co e f f i c i en t s  a s s o c iat e d  w i t h  s l op e ind i c a t e  that y i e l d 
inc r e as e s  as s l o pe i n c r e a s e s . One m ay no rma i l y exp e c t  y i e l d r e duc t i ons 
f rom in c r e a s ed s l o p e du e to l e s s  r a in i n f i l t r a t io n  and t o  s ur f a c e 
runo f f . Howe v e r , o t h e r  f ac t o r s  s u c h  as co l l i n e a r i t y and g r e at e r  ang l e s 
o f  i n c ident r ad i a t i o n  o n  s out h - f a c in g  s l op e s and l e s s e r  ang l e s on 
no rth - f ac in g  s l o p e s  m ay be in f l u e n c in g t he po s i t ive r e l at io n s h i p  o f  
s l op e and y i e l d . Cove r w a s  t h e  mo s t  impo rtant in d ependen t  v a r iab l e  in 
t h e  s hrub mode l bu-c exp l a in ed on l y ·. 8�� o f  y i e l d  v a r i ab i l i ty . The b e s t 
mode l imp roved r - s qu a r e d  an add i t iona l 6 6� by inc lud in g s o i l s  and s l o p e  . 
. Upon e x am inat ion o f  s l o p e  r ang e s  f o r  s o i l s  inve s t i g at ed ( T ab l e  
2 ) , one c an r e ad i l y  s e e r e l a t i o n s h ip s  b e tw e e n  s l ope s in s o i l s . A mode l 
w i t ho u t  a s l o p e  v a r i ab l e  w as at t emp t ed t o  d e t e rm i n e  t he o v e r a l l 
in f l uence o f  s l o p e . Exp r e s s e d in Tab l e  5 ,  t hat mode l r e s u l t ed in an 
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r - s qu a r ed r educt ion o f  on l y  3� . Y i e l d  p r ed i c t ion us ing a s l o p e  t e rm i s  
l im i t ing f rom a manag e r i a l  s t andp o i n t s ince a s ing l e  s o i l  c an exh ib i t  
s eve r a l  s l ope c l as s e s . Ext r eme comp l ex i ty wou l d  cons equen t l y b e  
encoun t e r e d  i n  de t e rm i n ing t h e  s p e c i f i c s l ope mo s t  app rop r i a t e  t o  
pr e d i ct y i e l d  in a g i ven a r e a . Thus , the s l ope component w a s  d e l e t ed 
f rom the mode l . 
W i t hout t h e  s l ope compon e n t , P ac t o l as ( � )  we r e  the g r e a t e s t  
p rodu c e r s  o f  s hru b s  ( Ta b l e  5 ) , y i e l d in g 1 6 7 6  kg/ ha und e r  open c ano p i es . 
Pac t o l a  s outh as p e c t s  and V i rku l a  s o i l s y i e l de d  ove r 1 1 0 0  k g / h a  l e s s  
than P acto l as ( N ) . Aga in , S awdus t s o i l s  we r e t h e  l e a s t p rodu c t i v e . 
When comp a r ing c o v e r coe f i c i e n t s  fo r a l l  thr e e  vege t at i on 
component s o f  t o t a l  y i e l d , t he g r am ino i ds w e r e  mos t  s ens i t i v e  t o  changes 
in canopy cover wh i l e the s h rubs �� e r e  l e as t  s ens i t i ve . S h rub s m ay b e  
s l ower to r e s pond than o t h e r  compone n t s  fo l l ow ing th inn i n g  cu t s . 
C ompe t i t io n  by gram i n i ods may a l s o  s up p r e s s  r e s pons e o f  s hrubs . 
Th e cove = t e rm f o r  t o t a l p rodu ct i on exp l a ined mo r e  y ie l d  
v a r i ab i l i ty b y  i ts e l f  t han fo r any o t he r component o f  y i e l d (Tab l e  5 ) . 
S l ope ent e r ed into the b e s t  mod e l but was  r emoved f o r  r eas o ns s t at ed 
e a r l i e r  in t h e  d i s c u s s ion on s hrub mode l ing . Remov a l  d e c r e as ed 
r - s quared by on l y  1�  comp ar e d  t o  3� f o r  s hrub s . P ac t o l as ( N )  w e r e  
h igh e s t  i n  p rodu c � i o n , y i e l d in g  2 8 0 0  kg/ h a  i n  f o r e s t  op e n ings w h i l e 
S awdus t s  w e r e  l ow e s t  a t  on l y  1 1 3 0  k g / h a  und e r  s im i l ar f o r es t  cond i t i on s . 
C o n t r a s t ing l eve l s  o f  p r odu c t io n c a n  b e  s e e n b e tween no r t h  and s out h 
a s p e c t s  in b o t h  f r i g id me� amo rp h i c  and f r i g i d  s ed iment a ry a r e as . 
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unde r s t o ry p rodu c t ion i n  1 9 8 3  w a s  gr e a t l y r educ e d  f rom 1 9 8 2 . How eve r , 
r e l at ive re l at ions h i ps b e tw e e n  s o i l s  we r e  compa r a b l e  b e twe e n  y e ars . 
Cov e r  was mo s t  impo r t ant in t h r e e  out o f  fou r mode l s  and s o i l s  aga i n  
s ign i f i c ant l y  imp roved t h e  mod e l s  ( T ab l e  6 ) . Ext r eme d i f f e r e n c e s  in  
s hrub p roduc t i o n  b e tw e � n P a c t o l a ( N )  ( r e p r e s e n t ing t h e  in t e r c e pt i n  
add i t ion to g r e a t e s t p r o duc e r  o f  s h rubs ) and S awdus t s o i l s  a l l owed 
S awdus t s  t o  i ni t i a l l y  e n t e r  t h e  mode l but exp l a i n ed l e s s  than 1 0� o f  
y i e l d var iab i l i ty by i t s e l f . Low e r  p rodu c t �on in 1 9 8 3  mod e l s  i s  
at t r ibut ed t o  ext r eme r educ t ion i n  s e as ona l p r e c ip i t at ion f ro m  1 9 8 2 
( Tab l e 7 ) . �!ay t h r ough Jun e ( h i gh e s t  two mon t h s  o f  p r e c ip i t at ion ) , _ a s  
w e l l  a s  Ap r i l  t h rough Ju l y  p r e c ip i � a t i o n  a t  r e po r t ing s t at io n s  w i t h in 
t h e  v ic in i t y  o f  inv e s t i g a t i on s i t e s  ave raged ne a r l y  5 0% l e s s  th e s e cond 
year . 
I n  t h e  b e s t g r ami no id mod e l fo r 1 9 8 3  ( Tab l e  6 ) , t h e  s am e  s o i l s  
a s  in 1 9 8 2  we r e  h i gh e s t p r odu c e r s a l though S t ovho s and V i rku l as p r oduced 
over 400 kg/ h a l e s s  at 0� cov e r  du r ing 1 9 8 3 . Y i e l d  p r e d i ct i o n  mo d e l s  o n  
ne a r l y a l l s o i l s  d e c r e as ed a t  l e as t 300  k g / ha f rom 1 9 8 2  l eve l s  at 0 %  
cov e r . The s e  d i f f e r e n c e s  d i m in i s h  a s  c anopy cov e r  inc r e a s e s  du e t o  
s ma l l e r  ( l es s  n e gat i v e )  cove r  c o e f f i c i e n t s in 1 9 8 3  ( C omp are Tab l e s 5 and 
6 ) . 
Forb p ro du c t i on was a l s o  r educ ed in 1 9 8 3  ( T ab l e  6 ) . V i rku l a  
s o i l s  re p e a t e d  a s  the highe s t p r oduc e r s but y i e l d e d  ne a r ly  1 0 0  kg/ ha 
l e s s t h an in 1 9 8 2  unde r  no fo r e s t  cov e r . A l l  s o i l s  p rodu c ed at l e as t 7 5  
kg/ha l e s s  a t  0 �  c ov e r  t h e  s e cond y e a r . S awdus t s o i l s  r ep e a t e d  as 
low e s t f o rb p roduc e r s . 
Tab le 6 .  Yie ld pred ic t io n  models for 1 98 3  us ing S TEPWI S E/MAXR . 
GRAMINOID S 
S t ep 1 
S lope , c anopy cover , and s o ils  were t he independ ent 
var iab l e s  tried . Mod e l s  tes ted for imp rovement SS a t  
the . 1 0 l evel of s igni f icanc e . 
' c over ' entered 
1\ 
2 
r . 20 
Bes t  Hodel  y = 1 4 . 1  - 5 . 4 (PN ) - 4 . 2 (P S ) - 4 . 8 ( TR)  - 7 . 1 ( VA) -
8 . 0 ( SA) - . 1 6 (cover ) 
ST , VR int ercep t 
2 
r . 54 
FORBS 
S tep 1 
Bes t Mod el 
VR = intercep t 
SHRUBS 
S t ep 1 
S t ep 2 
' cover ' entered 2 r = . 25 
1\ 
Y = 7 • 5 - 2 • 4 ( PN ) - 3 • 2 ( P S )  - l .  6 ( ST ) - 2 • 3 ( TR) -
2 . 6 (VA)  - 4 . 7 ( SA) - . 08 (cover ) 
' SA '  ent ered 
' cover ' entered 
r
2 = . 5 6 
. 08 
. 2 3 
7 3  
Bes t  Model  
" 
Y = 1 5 . 2 - 9 . 3 (P S )  - 9 . 5 (VR )  - 7 . 6 ( ST )  - 3 . 3 ( TR)  -
PN = int ercep t 
TOTAL . 
S t ep 1 
Bes t Mod e l  
PN , ST , TR , VR 
9 . 7 (VA) - l 2 . 9 ( SA) - . 1 1 ( cove r )  
' cover ' ent ered 
r
2 = . 6 1 
2 
r . 2 9 
1\ y = 27 . 7 - 7 . 5 (PS ) - 1 0 . 2 (VA) - 1 6 . 5 ( SA) - . 3 5 ( c ove r )  
int ercep t 
2 r = . 74 
Tab le 7 .  Seasona l and annua l mean p r e c i p i t a t io n  d u r i n g  1 9 8 2  a nd 1 98 3  f o r  s e l e c t ed B lack H i l l s  
r e p or t ing s t a t i ons . 
S t a t io n  
D e e r f i e ld l  
Cu s t e r 2 
H i l l  C i t y 
M t . Ru s hmo re 4 
J e\.Je l  Cave S 
mea n 
---- mea n  p r ec i p i t a t i on --
-- sea sona l -- a n nua l 
Ap r i l-Ju l y  Ma y-June 
----- i nc h e s  -------
1 3 . 9 7 8 . 8 2 2 3 . 2 1 
1 1 . 4 6 6 . 6 5 1 8 . 1 5 
1 3 . 0 6 7 . 2 1 1 9 . 6 5 
1 4 . 7 6 8 . 5 3 2 2 . 1 9 
1 1 . 2 7 6 . 0 1 1 8 . 0 7 
1 2 . 6  7 . 5 20 . 3  
1 ne e r f i e ld d a t a  b a s ed on 3 2  yea r s . 
2cus t e r  d a t a  b a s e d  on 3 0  y e a r s . 
3lrr l l  C i t y  d a t a  b a s e d  on 30 yea r s . 
4Mt . R u s hmo r e  d a t a  b a s ed on 2 2  yea r s . 
SJewel Cave d a t a b a s e d  on 3 y e a r s . 
------- � - y e a r  s e a sona l p r ec i p i t a t i o n -----
1 98 2 -- - 1 9 8 3 ---
Apr i l -J u l y  Ma y-June Ap r i l -J u l y  May -J u ne 
i n c h e s ---------------
1 5 . 3 9 1 1 . 0 3 7 . 7 8 5 . 3 9 
1 6 . 1 4  1 0 . 8 7 N/A N/A  
1 3 . 7 8 9 . 4 3 7 . 2 4 4 . 8 2  
1 2 . 3 2 9 . 4 8 7 . 6 9 6 . 4 2 
1 3 . 02 8 . 1 0 6 . 7 1  4 . 4 2  
1 4 . l 9 . 8 7 . 4 5 . 3  
-....J 
� 
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P r e d i c t ed s h rub y i e l d  i n  1 9 8 3  �as g r e a t l y  reduced o n  
high - y i e ld ing s o i l s  comp a r e d  t o  1 9 8 � . R - s qu a r ed d�opped 1 0� f rom t h e  
p r ev i ous y e a r  and s l op e w a s  n o t  s i gn i f i c ant when t es t ed a t  t h e  1 0% l ev e l 
( Tab l e  6 ) . Th e l o�v e r  c o e f f i c ient o f  v a r i a t ion may ind i c a t e  mo r e  s p e c i es 
v ar i ab i l i ty in s h r u b  p r oduc t io n und e r d r i e r  cond i t ions . G r e at e s t  
p roduc e r s  o f  s h ru b s  we r e  ag a i n  P a c t o l a s on n o r t h  as p e c t s  but y i e l d  was 
� educed 5 2� unde r  open canopy c omp a r ed t o  the p r e v ious y e a r . R e l at i v e  
r ank ings o f  othe r s o i l s w e r e  s im � l a r  t o  1 9 8 2 . 
A cumu l at ive e f f e c t  o f  l ow e r  g r am ino i d ) f o r b , and s h rub 
product i on i n  1 9 8 3  comp a r ed to 1 9 8 2  a l s o  caus es r educ t io n  in the to t a l  
p roduc t i o n  mo d e l ( Tab l e 6 ) . Fo u r s o i l s  ( P acto l as on no r t h a s p e c t s , 
V i r ku l as , S t o vhos , and T r e bo r s ) we r e  h igh e s t in to t a l  p ro du c t i o n . 
P ac t o l as ( N )  w e r e  reduc e d  mo r e  i n  to t a l  p rodu c t ion than any o t h e r  s o i l  
comp a r ed t o  1 9 8 2 . S o i l s s howed a s t �ong p a t t e rn in r e l at i v e  r ank ing 
ove r both years , ind i c at in g  d i f f e r e n c e s in p roduc t ion b e tw e e n  s o i l s 
i r r es p e c t i v e  o f  y e a r . R e f e r  to Ap p e nd i x  D fo r g r aph i c  r e p r e s e n t a t i o n  by 
so i l  of  a l l ve ge t at io n c omponent equ a t i ons f rom Tab l e s 5 and 6 ( 1 9 8 2  and 
1 9 8 3 ) . 
C a n opy C ov e r  v s  B a s a l  A re a  
S ince b as a l  a r e a  h a s  b e en us e d i n  p as t mode l s o f un d e r s t o ry p r e d i c t ion 
( s e e L i t e r a t u r e  Rev i ew ) , i t  ��as t e s t e d  a g a in s t  c anopy c o v e r  t o  p r ed i ct 
y i e l d  f o r a l l  vege t a t ion compo n en t s  ove r both y e a r s . R e s u l t s  o f  
a t t emp t ing canopy cove r ,  b a s a l  a r e a , and s o i l s  in deve lop ing y i e l d  
mode l s  a r e g iven in T a b l e  8 .  
7 6  
Tab le 8 .  Yield p r ed ic tion mod e ls for  1 98 2  and 1 98 3  u s in g  S TEPWI S E /HAXR . 
So il s , canopy cover , and basal area wer e  the ind e p endent var i-
ab l e s  tried . Pac tola (N)  rep r es en t s  the int erc ep t f or all  
mod e ls , whic h  wer e  tes t ed f o r  imp rovemen t  S S  a t  . 1 0 lev e l  s i g . 
1 98 2  1 9 8 3  
Vege ta t ion � Variab le r 2 Vege ta tion � Var iable r 2 
Gramino ids 1 cover . 3 1  Gramino ids 1 basal . 2 1 
2 S T  . 4 3 2 ST . 3 5 
2 cove r re- 3 VR . 48 
p laced by 3 basal re-
basal . 4 5 pla c ed by 
3 VR . 5 2 cover . 48 
3 basal re- 4 SA . 5 1  
p laced by 5 VA . 5 3 
cover . 5 3 
4 P S  . 5 6 
Forb s 1 cover . 2 9 Fo rbs  1 cover . 25 
2 SA . 45 2 VR . 4 2 
3 VR . 5 2 3 SA . 5 3 
4 VA . 54  4 ST . 5 5 
5 ST . 5 7 
Shrub s 1 cover . 09 Shrubs 1 SA . 08 
2 SA . 23 2 cover . 2 2 
3 VA . 2 9 3 TR . 28 
4 PS . 3 7 4 VA . 3 2 
5 VR . s o 4 TR r ep lac-
5 cover re- ed by VR . 3 5 
p laced by 5 P S . 47 
basal . 5 1 6 S T  . 58 
6 ST . 6 4 7 TR . 60 
7 TR . 7 0 
7 basal re-
p lac ed by 
cover . 7 1  
To tal 1 cover . 3 7 Tota l 1 cover . 2 9 
2 SA . 58 2 SA . 54 
3 VA . 68 3 VA . 66 
4 PS . 7 5 4 P S  . 7 4 
5 VR . 7 6 
6 basal . 7 8 
7 TR . 7 9 
7 basal re-
plac ed by 
ST . 8 0 
7 7  
C ov e r w as i n i t i a l l y  mo r e  imp o r c ant than b a s a l  a r e a  o ve r  b o t h  
y e a r s  in ne a r ly e v e ry v e g e t at ion c l as s , inc luding t o t a l  y i e l d . I n  1 9 8 3 , 
b as a l  a r e a  was in i t i a l l y mo r e  impo rc ant than cove r fo r g r am in o ids but 
was  r ep l ac e d  by cove r in che b e s c mode l .  B as a l  a r e a  was n e ar l y  as 
impo r c an c  as cov e r  fo r s h rub and c o c a l p r oducc ion in 1 9 8 2 . A l t hough 
r ep l ac ement by c ov e r  s l ighc ly imp rov ed r - s qua r ed , t h e r e  i s  l i c c l e  
d i f f e r en c e  b e �w e e n  the cwo p a r am e c e rs when e i t h e r  a r e  us e d  t o  p re d i c t 
s hrub and t o t a l  p roduc t i on . La rge d i ame t e r ,  macu r e  s t ands c an i n f l uence 
b as a l  a r e a  m e as u r em e n c s  w i c houc a p ropo r t iona l inc r e a s e in c anopy c o v e r . 
Var ious do gh a i r  s c ands a r e  h i g h l y  var i ab l e in b as a l  a r e a  b ut no t 
neces s ar i l y in cov e r . ( S e e  App end ix C f o r  comp a r i s ons ) .  C anopy cov e r  
is a d i r e c t  meas u r e  o f c rown l i gh c  i n t e r c e p c i o n  a l c ho ugh o t he r  f a c t o r s  
s u c h  as mo i s cu r e  comp e t i t ion , c h i ckn e s s  o f  t h e  p ine n e e d l e  l ay e r ,  and 
s o i l  p H  may b e  a f f e c t ing unde r s c o ry p roduc t ion . C omp a r i s o n s  w i t h  b as a l  
a r e a  s how t hat canopy c ov e r  ove r a l l  i s  mo re impo r t an c . The r e fo r e , 
canopy cov e r  i s  u s ed fo r f u rt h e r mode l deve l opment . Conv e r s i o n s  f rom 
b as a l  area c o  c anopy cov e r c an b e  accomp l is hed us ing F i gu r e 7 i f  
d e s i r ed . 
Mod i f i ed P rod u c t i o n  Mod e l s  
Y i e l d  p r e d i c c ion mode l s  deve l o p ed t hus f a r  have r - s qu a r ed v a l ue s  whi ch 
we r e  high l y  s ign i f i c ant . S o i l s  and canopy cov e r  exp l ain ed a l ar ge 
p e r c en � a g e  o f  y i e l d v a r i ab i l i ty  f o r  the  8 4  s i c e s . Howeve r ,  t h i s  
mod e l ing app r o a ch as s um e s  t h a t  a l l s o i l s  a r e  r e s pond ing s im i l ar l y  t o  
chan g e s  i n  c anopy cove r , as demons t r at ed b y  pa r a l l e l l in e s  in App e nd ix 
D .  S in ce cons tant y i e l d d i f f e r e n c e s o c c u r r ed i n  mod e l ing be t w e e n  any 
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�wo giv en s o i l s t h r oughou� a l l r an g e s  of c anopy cove r , p r ed i c � ed y i e l d s  
may b e  m i s r ep r e s e n t ed a �  e i t h e r e nd o f  the cove r r an g e . Th e r e fo r e , 
s o i l - by - cover  i n t e r a c t ions w e r e  inv es t i ga t ed . 
R emod e l in g  c 8 mpo n e n t  y i e l d s  o f  unde r s t o ry p rodu c t i on in 1 9 8 2  
and 1 9 8 3 us in g s o i l s , c anopy cov e r , and s o i l - by - cov e r  in t e r a c � ion s  
s ign i f i c an t l y  imp ro v ed m o d e l s  i n  a l l  c a s e s . S ign i f i cant in t er a c t ions 
d emons t r a t e  that s om e  s o i l s r e a c t  d i f f e r e n � l y  t h a n  o � h e r s t o  ch an ge s in 
c anopy co ve r . I n t e r a c t i o n  t e rm s  chang e the co v e r  c o e f f i c i en t  f o r t h a t  
s o i l  re lat ive t o  t h e  c o v e r c o e f f i c i e n t  as s o c i a t ed w i t h t h e  s o i l  de f in ed 
as t h e in t e rc e p t . Th i s  c han g e has an add i t iv e e f f e c t 7 t o  the cover 
coe f f i c i e n t  s ince s o i l s  a r e dummy v a r i a b l e s w i t h c o e f f i c i ent v a l u e s  of 0 
o r  1 .  I f  a s o i l - b y - c o v e r in t e r ac t ion w a s  no t  s i gn i f i cant , t h e  cov e r 
coe f f i c i ent f o r  � ha t  s o i l  r e m a i n s  t h e  s ame as t hat o f  t h e  ' in t e r c e p t ' 
s o i l . Th e b e s t y � e l d  p r e d i c t io n  mode l s  t h r oughou� 1 9 8 2  and 1 9 8 3 , u s ing 
int e r act ion t e rms , we r e  s e l e c t ed f rom t h e  s imp l e s t mu l t i p l e r e g r e s s io n  
equat ion . V a r ious s o i l s w e r e  � r i ed as t h e ' i n t e r c e p t ' s o i l . I n  t h i s  
manne r , s o i l s  whi c h w e r e  no t d i f f e r e n t  f r o m  t h e  in� e r c ep t  s o i l  h a d  t h e  
s am e  c o e f f i c i e n t  a s  t h e  i n� e r c e p t , t hu s  r edu c i ng t h e numb e r  o f  
nons ign i f icant t e rms i n  t h e  m o d e l .  
Re s u l t s  o f  mu l t ip l e r e g r e s s i o n  in 1 9 8 : , us ing s o i l s , c anopy 
cove r , and s o i l b y  cov e r in� e r a c � i o n s , are l i s t e d in T ab l e  9 .  Th e 
coe f f ic i ent o f  va r i a t i on f o r  g r am ino ids imp roved 1 :� ov e r  p r ev ious 
7 F o r  e x amp l e , in t h e  g r am i no i d  mod e l in Tab l e  9 ,  P act o l a ( S )  had a 
s i gn i f i c an t s o i l  by cove r in t e r ac t ion r e l a t i v e  to t h e  in t e rc ep t 
s o i l s . Th e r e s u l t  is  a c ov e r coe f ic i ent  o f  - . 4 2 f o r P a ct o l a  S ( - . 2 7 
+ - . 15 ) . 
Tab le 9 .  Yield pr ed i c t ion mode l s  for  1 98 2  u s ing STEPWI S E /MAXR .  
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Soi ls , cano p y  cover , and so i l-b y-cover interac t ions wer e the 
independent var iab les tr i ed . Models tes t ed for imp rov ement S S  
a t  . 1 0 level o f  s i gnificanc e . 
GRAMINOIDS 
S t ep 1 
Bes t Mod e l  
PN , TR , VA , SA 
FORBS 
S t ep 1 
Be s t  Mode l  
PN , PS , TR 
SHRUBS 
S tep  1 
Bes t �ode l  
PS , VR , VA 
TOTAL 
S t ep 1 
Bes t Mod e l  
ST , TR , VR 
' cover ' entered 
2 
r = . 3 1 
1\ 
Y = 1 0 . 4  + 1 3 . 0 (P S )  - . 2 7 (PSC ) + 1 1 . 8 ( VR )  - . 1 3 (VRC ) 
+ 2 2 . 4 ( ST )  - . 3 7 ( STC ) - . l S ( cover ) 
2 = intercep t r
2 
= 
(without int erac t ion , r 
. 6 9 
. 5 7 )  
' cover ' ent ered 
2 
r = . 2 9 
1\ 
y = 6 . 0 - 7 . 8 (VR) - . 1 2 (VRC ) + l . S ( ST )  - 1 . 8 ( VA) 
- 2 . 5 ( SA) - . l O (cover ) 
2 
int erce p t  r
2 
(wi thou t int erac t ion , r 




. 6 2 
. 5 7 )  
. 09 
y = 4 . 6  + 38 . 7 (PN ) - . 5 3 ( PNC ) + 1 9 . 9 (TR) - . 26 ( TRC ) 
+ 3 . 1 ( ST ) - 3 . 2 ( SA) - . 06 (cover ) 
2 
intercep t  r 2 
(wi thout int erac tion , r 
. 8 4 
. 7 1  
' cover ' enter ed 
2 r = . 3 7 
1\ y = 46 . 0  + 8 . 8 (PN )  - 9 . 0 (P S ) - 25 . 0 (VA) + . 40 (V�C ) 
- 3 0 . 4 ( SA)  + . J S ( SAC ) - . 6 7 ( cover ) 
2 
int ercep t r 2 
(wi thou t  interac t ion , r 
. 8 3  
. 80 )  
l interac t ion terms ar e ind i c a t ed b y  a ' C '  fo l lowing the abb revia ted 
so i l  term in the equa t ions . 
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mode l ing . ( C omp a r e t o  T a b l e S . )  W i t h  inc l u s ion o f  in t e r a c t i o n  t e rms , 
S tovhos and V i rku l as a r e  now at d i f f e r ent l eve l s  o f  p roduct ion a c r o s s  
cov e r  ( F igu r e  8 ) , c omp a r ed t o  e a r l i e r  mode l s  i n  App end ix E .  A l t ho ugh 
S t ovho s p roduced ov e r 5 5 0  k g / h a  mo r e  t h an V i rk u l as unde r no cove r , 
r eg r e s s i ons o f  y i e l d  on c ov e r  f o r · S tovhos and V i rku l a s  c ro s s  at 4 3% . 
Cn d e r dens e c ano p i e s , V irkulas r e p l ac e d S t ovhos as h i ghes t r anking s o i l  
f o r  gram ino id p roduc t ion . P ac t o l a  ( S )  s o i l s w e r e  s im i l ar t o  V i r ku l a s at 
op en c anop i e s b u t  d e c r e a s e d i n  p r oduc � ion a t  a f as t e r  rat e as cov e r 
in c r e as ed . Th e l ow e s c p ro du c e r s  have d r opped in p rodu c t i on t o  5 6 0 kg/ h a  
at 0% c ov e r  comp a r ed to e a r l i e r  mode l i ng . I nc l us ion o f  i n t e r ac t ions f o r  
p r ed i ct ing y i e l d  b y  s o i l  c o n s i s t e n t l y  r a i s e d  y i e l ds und e r  o p e n  c anop i e s 
f o r  h i �h p rod uc ing s o i l s w h i l e  l o�e r i n g  y i e l ds o f  l ow p r oduc ing s o i l s . 
Thus , und e r  mod e r a t e t o  dens e canopy cove rs , fo r e s t  ov e r s t o ry p l ays an 
inc r e as ing l y �o re impo rt an t  ro l e  t h an d i f f e r ences  in s o i l s  f o r  p rodu c ing 
unde r s t o ry v e g e t at ion . 
R emode l in g  1 9 8 2  f o r b  y i e l d  w i t h  in t e r a c t ions in c r e as e d  
r - s quar ed 5 �  over t he e a r l i e r  mod e l b y  comp a r ing Tab l e s 5 and 1 0 . Th e 
maj o r  c h an ge o c cur r ed on V irku l a  s o i l s , wh i ch h ad a s t rong s o i l  by cover 
int e r act ion with cove r co e f f i c i en t s o f  o t h e r  s o i l s  ( F i gu=e 9 ) . 
P r e d i c t i ve fo rb y i e l d a� 0� cover in c r e as ed t o  ne a r l y  7 5 0  k g / ha und e r  
open c anop i e s  c o mp a r ed t o  on l y  5 1 7  k g  p r e v io us l y  mode l e d . A l t ho u gh some 
sign i f icant d i f f e r e n c e s  ex i s t amo n g  Vanoc k e r s , S t ovho s , P a c t o l as ( no r t h  
and s ou t h  a s p e c t s ) ,  a n d  T r e b o r s , t he range o f  d i f f e r e n c e s  among t he s e  
s o i l s i s  l e s s  t h an 1 0 0 k g / h a  und e r open c anop i e s . S awdus t s o i l s  r em a in 




y- inter c e p t 
STO V H O  a 
V I R K U L A  b 
PACTO L A IS I  b 
PA CT O L A INI c 
TR E BOR c 
VA N O C K E R  c 
SAW D U S T  c 
. 10 level s ig • 
10 2 0  30 40 50 60 70 
•t. C A N O P Y  C O V E R  
r i gu re 8 .  G ram.i. nu id p roduc e ion b y  so i l  f u r  1 98 2  ( f rom Ta b le 9 ) . Su i l :>  !:o l l.owed b y  ::hi! 
sam� l� t t e r a re not d i f f e r e n t  in p r oduc t ion ( F . t Q )  at 0% canopy cove r .  
r2 : . 6 2  
y -i ntercept 
V I R K U L A a 
n :  . 8 4 V A N  O C K E R  b e  
S T O V H O  c e  
P A CT O L A ( N )  c 
P A C T O L A (S ) c e  
T R E B O R  c 
S AWD U ST d 
80 
0����������������������������������� 
0 10 20 30 �0 50 
% C A NO P Y C O V E R  
60 70 
l' i g� 1 r e  ':1 .  F u r b  ;J r  ... ,duc t: io n  by so i l  f o r 1 98 :!  ( f rom Tab le 9 ) . S<> i ! ,;  r"u l l ow " d  t,y ch� sa!lle 
l e c c e r  a r e  no t d i f f e r e n t  in p ruduc t ion ( F . t o l  at OZ cancpy cuv� r .  
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8 1  
8 2  
S hrub mode l s  �� i t h in t e r ac c i ons caus ed t h e  g r e a� e s t  imp r ovement 
in r - s quared ( 1 3% )  of any v e ge t at ion component ( i n c l u d ing t ot a l  
p roduct ion ) i n  1 9 8 2  ( T ab l e 9 ) . D r as t i c mode l ing chan g e s  f o r  h igh s h rub 
p roduc ing s o i l s  have o c cu r r e d  when comp a r in g  Tab l e s  5 and 9 .  P a c t o l a  
( N )  and Tr ebo r s o i l s  � e r e  in c r e a s ed s e v e r a l  hund red k i l o g r am s  a t  0� 
cov e r  but mo r e  negat i ve c o v e r c o e f i c i e n t s  c aus ed acce l e r a t ed de c r e as es 
in p r oduct ion w i th inc r ea s ed cov e r  ( F ig . 1 0 ) . Ano t h e r  maj o r  c h ange in 
mode l in g  d im in i s he d  the n e g a t i v e  i n f l u ence of cove r on S t ovhos , 
V i r ku l as , P ac t o l as ( S ) , Vanocke r s , and S a� d us t s . � in im a l  y i e ld 
d i f f e r e n c e s  w e r e e xp l a i n ed on t h e s e s o i l s by ch�nges in c anopy cove r . 
S awdu s t s  w e r e  n e a r l y  devo id o f  a s h rub componen t .  
Comp a r i s ons o f  a l l t h r e e  imp r oved vege t a t ion component mode l s  
f o r  1 9 8 2  ( F igur es 8 - 1 0 )  i nd i c a t e t h at a high y i e l d  o f  one c ompon e n t  o n  a 
g iven s o i l  i s  �yp i c a l l y  as s o c i a t ed w i t h a l ow y i e l d  o f  ano t he r  component 
on t hat s ame s o i l . H i gh g ram ino i d  p roduc ing s o i l s  ( S t ovho , P act o l as 
( S ) , and V i rku l as )  a r e  qu i t e  l o� in s h rub p roduc t ion , r e l at i v e  t o  
P act o l as ( N )  and T r e bo r s . Conv e r s e ly , h i gh s h rub y i e l d ing s o i l s  
( T r ebors and Pact o l as ( S ) ) a r e  among t h e  lowe s t  in g r am ino id p r oduct i o n . 
S awcus t s  are  cons i s t ent l y  among t h e  l owe s �  p rodu c e r s  o f  unde r s t o ry . 
A l t hough S t o vho s  a r e  h i ghe s t in g r am ino i d  p roduct i on , V i rku l as a r e  
h i gh e s t in fo rb p r odu c t i on at s p a r s e  f o r e s t  canop i es . C omb ined 
gr am ino i d and forb p roduc t ion on thes e two s o i l s  ( de f in e d  as  h e r b age 
produ ct i on ) , r e s u l t  in qu i t e  comp a r ab l e  y i e l ds . H e rb a g e  y i e l d s  a r e  
deve l op e d  i n  t h e  l ong - t e rm mo d e l . 
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F i ,;u r c  1 0 .  S h ru b  p r u d th.: t i • m  by soil for 1 98 2  ( f rom Tab h' '> ) .  Su i t s f o l l owed b y  the same 
l c c t .:: r a r .,  au t J i f  t c re n t  Ln p rod uc t ion ( r . 1 0 )  ..i t 0/� c:wv p y  c u v e r . 
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F i � t t re 1 1 .  To t a l  und e r s t u r y  p roduc t i o n  b y  so i l  f o r  1 932 f f r:.:•m [J h t " 9 ) . Su i l s fo l lowed 
by �h.: same l e t t e r  are no t d i f f e re n t  in p rod uc r Lm ( F . t o )  .i t  0�� c ano p y  c ove r .  
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The inc o rpo r a� i o n  o f  in t e r a c t ions in 1 9 8 2  � o t a l  unde r s t o ry 
p r oduc t io n mod e l s s ign i f i can� l y imp ro ved r - s quar ed but b y  o n l y 3% 
(Tab l e  9 ) . On l y  cove r coe f f i c i e n t s  o f  the l ow p roduc ing s o i l s  ( f r ig id 
s ediment a ry s o i l s ) w e r e  d i f f e r e nt t h an coe f f i c i e n t s  a s s o c i a t ed w i t h  
o t h e r  s o i l s ( F igu r e 1 1 ) . 
Res u l t s f rom mod i f y in g  1 9 8 3  mod e l s v i a  in t e r ac t io ns a r e  l is t ed 
in Tab l e  1 0 . A l l mode l s w e r e  s i g� i f ic an t l y imp roved , and us ua l ly t o  a 
gr e at e r  de gr e e t h an mo de l s in 1 9 8 2 . The gr am in o id mode l inc r e a s ed 1 1� 
o ve r  e a r l i e r  mod e l s  w i t h o u t  in t e ra c t ions . S ome y i e l d  changes o c cu r r ed 
b e tw e e n  Pa c t o l as ( S )  a nd V i r ku l as and b e tw e en S t ovhos and V i r ka l as f rom 
t h e 1 9 8 2  mo d e l w i t h i n t e r ac t i on s ( F i g . 8 and F ig . l 2 ) . A� 0% cove r ,  
p roduc t i on on V i rku l as was  s im i l a r  t o  P a c t o l as ( S )  in 1 9 8 2  b y  was mo re 
s im i l ar t o  S t ovhos in 1 9 8 3 . S t ovho s o i l s  p rodu ced mo r e  t h an P a c t o l a ( S )  
s o i l s  bot h y e a r s . 
I n t e r a c � ions in forb mod e l ing f o r  1 9 8 3  c aus ed t h e  g r e at e s t  
imp rovement ( 1 8 � ) o v e r t h e p r ev i ous non - in t e r a c t ion mode l o f  any 
component e i t he r  year . V i rku l a  s o i l s c o n t r a s t ed by a magn i t ude o f  two 
ove r s e cond h i ghes t forb p r o duc ing s o i l s und e r no fo r e s t canop y  ( F igu r e  
1 3 ) . The r ema in ing f ive  s o i l s  r es pon d s im i l ar l y  t o  di f ferences in 
c an9py cove � but s ome r an k ings o f  s o i l s  chan ged s l i ght l y  be �we en the �wo 
y e a r s . P r e d i c t e d  f o r b  p roduc t i on on S a� dus t s o i l s  was n e a r l y  uninflu ­
enc ed by changes in c anopy cov e r in 1 9 8 3 . 
Shrub mode l s  w i th int e � act ions imp roved 1 6% ove r e a r l i e r mod e l s  
(Tab l e  1 0 ) . The f ive l o� s h rub p r oduc ing s o i l s c o n t i nued t o  s how l a ck 
o f  v a r i ab i l i ty in y i e l d due to c h ange s in cov e r  ( F igu r e  1 4 ) . Pacto l as 
( N )  r ema ined h i gh e s t  in p � o du c t ion , fo l l owed by Tr ebo r s o i l s . 
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Tab le 1 0 . Yield p r ed ic t ion models for  1 9 8 3  us ing STEPWI SE/MAXR .  
S o i l s , canopy cover , and soi l-by-cover int erac t ions wer e  the 
independent var iab le s tr ied . Models t e s t  for  improvement S S  
a t  . 1 0 level o f  signif icanc e . 
GRA..'!INO ID S 
S t ep 1 
Bes t Model 
PN , TR , VA , SA 
FORBS 
S t ep 1 
Bes t Mod e l  
' cover ' entered 
2 
r = . 20 
� = 5 . 1 + 5 . 8 (P S ) - . 1 2 (P S C )  + 1 3 . 2 (VA) - . . 2 0 (VRC ) 
+ 1 5 . 7 ( ST )  - . 2 6 ( STC ) - . 07 ( c over ) 
? 
int ercep t rz 
(wit hou t int erac t ions r 





. 54 )  
. 25 
Y = 4 . 5  - . 80 ( P S ) + 8 . 4 (VR )  - . 1 6 (VRC ) + . 8 0 ( ST )  -
3 . 0 ( SA)  + . OS ( SAC ) - . 06 ( cover ) 
TR , PN , VA 
2 
= int erc ep t  r 2 
(wi t hout interac t ions r 
. 7 4 
. 5 6 ) 
SHRUBS 
S tep 1 
Bes t Model 
' SA '  entered 
2 
r . 08 
A "'' \ 3 . 1  + 1 9 . 3 (PN)  . 3 0 (PNC ) + . 04 ( STC ) + 1 0 . 0 ( T�)  
- . 1 0 (TRC ) - 2 . 3 (VA) - . 0 4 (cover ) 
2 
VR , ST , VA , P S = int ercep t r 2 
. 7 7 
(wi thou t  int e rac t ions r . 6 1 )  
TOTAL 
S t ep l 
Bes t mod el 
PN , VR ,  ST 
' c over ' ent ered 
2 
r = . 2 9 
1\ 
y = 3 1 . 9 - 1 3 . 5 (P S ) + . 1 5 (PSC ) - 8 . 0 ( TR)  + . 1 7 ( TRC ) 
- 1 9 . 2 (VA) + . 28 (VAC ) - 24 . 8 ( SA)  + . 3 2 ( SAC )  
- . 46 ( c over ) 
inter cep t r 2 
(wi thou t in t erac t ions r 2 
. 8 0 
. 7 4 ) 
1 400 
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F l>;ure L 2 .  G ram ino l d  J>roduc t ion by  so i l  for 1 9!! )  ( f rom T:1b l t!  t O ) . S0 i l s  f o l l uwed b y  t he 
same 1 '-! t t ...: r a r t!  n o c:  d i f f e r en t in p r oduc t ion ( F _ 1 0 )  . H  0 7.  c a no p y  cove r .  
m a t te r)  
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l: t :; 1 1 r .:  I L 1.-, , r iJ p r,J uc t l . > l l  h y  so i l  fvr 1 9 8 3  ( i rl.lm Ta b lt! 1 0 ) . Su i ls fo l lowed by c he samt! 
I c L t c: r  , J r .:  • • • · L  J i f  ferenc:  i.r. pr . ,du c t ion ( F .  1 0 ) :lt 01. canopy c ove r . 
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1-" i. ..; u r"' ! .:. .  S h r u b  p rJduc c: io n  by so i l  f o r  L CJ8 )  ( f t·om fab l �:  1 0 ) . ::; , , [ !:;  r u l luwed by c t1e sam., 
l e c: c: � r  a r e  :1ot J i f f c re n t  i.:1 p r oduc: L l < l l l  , r- . 1 0 1  , ,  l ll.. <::ll a u r v  ..:ove r . 
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70 eo 
l: : ·..; t � r • : 1 5 .  Tu ca l u nd e r s t v r y  p r od uc t i on by s u i l fo r 1 98 3  ( f r um T.:1 b le 1 0 ) . So i l s  f a l l o..-eJ 
b y  c :1 <:!  same l e t t o;: r  a r <! no t J i. i f i! rE: n t i. n  fl roduc c: i. o n  ( F . t o ) a t  0% c a nopy c o v �:. r .  
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To t a l  p roduc t io n i n  1 9 8 3  w a s  imp r o v ed 6 %  b y  int e r ac t ion t e rm s  
( T ab l e  1 0 ) . I n  1 9 8 3 , P a c t o l a s ( \ )  w e r e  not d i f f e r en t  f r om S t ovho s wh i l e  
V i rku l as and T r e b o r s  p r oduc ed l e s s  t h an P a ct o l as ( N )  a t  0% cove r . Th e r e  
w e r e n o  d i f f e r en c e s  b e tween V i rku l a s , S t ovho s , and P ac t o l as ( N )  ( F i g . 
1 5 ) . 
Lo n g - Te r m  Y i e l d  v1od e l i n g  
A m e t hod o f  c o m b i n in g  tw o - y e a r  y i e l d d a t a  w a s  inves t i g a t ed t o  
de r iv e a n  ove r a l l y i e l d  p r ed i c t i o n  mo d e l f o r  fo r e s t man ag e m e n t . S in c e  
y i e l d  c on t r a s t ed b e cw e e n  1 9 8 �  a n d  1 9 8 3  fo r n e a r l y  eve ry s o i l , deve l op ­
m e n t  o f  a mu l t ip l e  r e g r e s s i o n  mod e l u s i n g  a p r e c ip i t a t i on t e rm was 
imp l ime n t e d r a th e r c h an av e r a g i n g  o r  c omb in in g  t h e  t wo - y e a r  da t a s e t . 
S t ud i e s  have s hown h i gh l e ve l s  o f  y i e l d p r ed i c t ab i l i t y  u s ing 
s e a s ona l p r e c i ? i t a t i o n  v a lues  in t h e p r e d i c t ion equ a t io n . Ap r i l t h r o u t h 
Ju l y  p r e c i p i t at ion exp l a in e d  5 8� o f  t he v a r ia b i l i ty in y i e l d  und e r  
nat ive r an g e  cond i t ions i n  �o r � h  D ako t a  o v e r a no n - c o n t iguous 2 0  y e a r  
p e r i od ( Ro g l e r and H as s 1 9 4 7 ) .  Th e s ame f o u r  mon t h s  e xp l a in e d 7 1 � i n  a 
s im i l a r s t udy in C anada o v e r � 0  con t i guo us y e a r s  ( S mo l iak 1 9 5 6 ) . 
S mo l i ak a l s o  fo und t ha t  t he two mos t impo r t ant mo n t hs w e r e  �1ay and June , 
�h i c h t og e t he r e xp l a in e d  7 4� o f  t h e v a r i ab i l i ty .  C a r ry - ov e r ( f a l l )  s o i l  
mo i s t u r e t o  s ix f e e t  a l s o  s t ro ng l y  i n f l u e n c e d  y i e l d p r e d i c t i on s  when 
c omb i n e d  w i t h  s e as o n a l  p � e c � p i t a t ion ( Smo l i ak 195 6 )  but is d i f f i cu l t  t o 
de t e rm in e  f r om a m an ag e r i a l  s t a n dpo in t . Cnd e r  no rma l cond i t ions , 
ad e qua t e  f a l l  and e a r l y s p r i ng p r e c i p i t a t i o n  wou l d  s up p l y  e n o ugh s o i l  
mo i s t u r e  t o  in i t i a t e g r ow t h  in t h e  s p r in g . May and Jun e r a ins  wou l d  
t h e n  b e  r e qu i r ed t o  p r o mo t e  fur t h e r  g rowt h  when s o i l  mo is t u r e  w a s  
de p l e t ed . 
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Apr i l  th ro ugh Ju l y  p r e c i p i t a t i on a c coun t s  fo r 6 0  t o  6 5 �  o f  t h e  
annua l  av e r age p r e c ip i t a t ion i n  t h e B l a c k  H i l l s wh i l e :1 ay t h ro u gh June 
p r e c ip i t a t ion accoun t s  for 30 TO 35� ( T a b l e  7 ) . Ap r i l  t h ro ugh Ju l y  is 
the c r i t i c a l  grow ing p e r i od for the coo l - s e a s o n  s p e c i es t h at domin a t e  
for e s t ed s i t e s . Ove r 7 5� o f  c o o l - s e a s o n  g r ow t h  i s  c o mp l e t ed b y  e a r l y 
s umme r .  A May t h rough Jun e v a r i ab l e  is mo r e  advan t a g e o u s  t han Ap r i l  
t hrough Ju l y  s in c e  known r a in f a l l  va l u e s  a f t e r Jun e  a l l ows y i e l d  
p r e d i c t ions t o  b e  made w i t h  t ime l e ft i n  t h e  g row ing s e as o n  f o r  purpo s e s  
o f  l and managem e n t . 
Ave r a g e  p r e c ip i t a t io n  v a l u e s  e a c h  y e a r f r om repo r t ing s t at ions 
i n  t h e  B l a c k  H i l l s w e r e  u s e d  in mod e l de v e l opm e n t fo r s eve r a l  r e as on s . 
A l t hough no r� a l  p r e c i p i t a t i o n i s  g r e a t es t at D e e r f i e l d  and l owe s t at  
Jew e l C ave 8 and C us t e r , t h e r e  i s  a g r e a t e r d i f f e rence  b e tween y ears  than 
betw e e n s t at ions ( T a b l e  7 ) . Fu r t he rmo r e , i f  v a l u e s  fo r s t a t i on s  n e a r es t 
s i t e s  w e r e a s s i gn ed c o  t h at s i t e , r e p r e s e nt a t ion may not b e  a c cu r at e . 
H ay t h rough June p r e c ip i t at i o n  in 1 9 8 3  w as 5 4� l e s s  wh i l e Ap r i l  t h r o ugh 
Ju l y  was 5 2� l e s s  t h an 1 9 8 2  ( T a b l e  7 ) . S u c h  c o mp a r ab l e  r edu c t i o ns �o u l d  
make o n l y  m ino r d i f f e r e n c e s  i n  r - s qu a r ed f o r  mu l t i p l e  r e gr e s s i on m o d e l s  
us ing e i ther  s e t o f  v a l u e s . 
8 B as ed on o n l y  : h r ee y e a r s o f  da t a . 
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R e s u l t s of  mu l t i p l e r e g r e s s io n  us i ng STE PW I S E / MAXR w i t h 
ind e p e nd e n t  va r i a b l e s o f  s o i l s , cove r , s o i l - by - co v e r  in t e r a c t ions , and 
Nay t h rough June p r e c i p i t at ion t e rm for e a c h  yea r a r e  g iven in Tab l e  1 1 .  
The p r e c ip i t at ion c o e f f i c i en t , wh i ch e n t e r e d  int o a l l mode l s , was  
v a r i ab l e  b e t�� e e � v e g e t a t i o n  c l as s e s . Th e co e f f i c i e n t  was sm a l l es t  f o r  
f o rb s  a n d  i nc r e as ed i n  the  o rde r o f  s h rubs , g r am ino i d s , h e rb ag e , and 
t o t a l p r odu c t ion . P r e c i p i t at ion c o e f f i c i e n t s  f o r  c o mpone n t s  s um t o  the 
coe f f i c i ent f o r  t o t a l p r odu c t ion , as �au l d be e xp e c t ed ( a f t e r t ak ing 
in to accoun t r o u nd ing e r r r o r s ) .  Due  to d i f f e r e n c e s  in p r e c i p i t a t io n  
coe f f ic i en t s , gr am ino i d p r odu c t i o n  in c r e a s e s 3 8 . 7  k g / h a  fo r e a c h  inch o f  
p r e c i p i t at ion ( M ay t h rough Jun e ) . On l y  1 1 . 3  kg/ha a r e  add e d  t o f o r b s  
fo r e a ch add i t iona l inch � h i l e  he rbag e  in c r e as e s  4 9 . 5  kg/ ha . A l t ho u gh 
s h r u b s  may r es pond b e t t e r  t o  r a in f a l l  l a t e r  in t h e  s e a s o n t han o t h e r 
compo n ent s , 3 4 . 4  kg(h a  o f  s hrub s  can b e  e xp e c t ed f o r  e ach a dd i t i o n a l  
inch o f  mo i s t u r e  i n  � a y  and / o r  Jun e  us ing t h e  mode l .  Tot a l  und e r s t o ry 
inc r e as e s  84 . 0  kg/ ha w i t h  e ach add i t io n a l  inch . 
Long - t e rm av e r a g e s  o f  May t hrough June p r e c i p i t a t i o n  f rom a l l  
f i v e  r e p o r t i n g  s t a t i ons in T a b l e 7 � e r e us e d  t o  deve l op exp e c t ed y i e lds 
f o r  g r am ino i d , h e r b a g e , a n d  t o t a l  p r o duc t i on du r in g a n o rm a l  y e ar w i th 
7 . 5  inc h e s  o f  p r e c i p i t a t ion ( F i g . 1 6 - 1 9 ) . S inc e t h e  p r e c i p i t a t i o n  
co e f f i c i en t  i s  cornm an f o r  a l l  s o i l s , c h ang es i n  p r e c ip i t at i on w i l l caus e 
p a r a l l e l  s h i f t s in p rodu c t i o n . How ev e r , s o i l s s t i l l  r e t a in t h e  
s o i l - by - cov e r  in� e r ac t i o n s  d e v e l op ed e a r l i e r , a s  d emons t r at e d  i n  Tab l e  
1 1  and F igu r e s  1 6 - 1 9 . Ge n e r a l r e l a t ions h i p s  b e �w e e n  s o i l s  f o und in 
annua l p rodu c t i o n  mode l s  r ema in int act  in  l o n g - t e rm mod e l s when t he s am e  
p r e c i p i t at io n  v a l u e s  a r e  us e d . 
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Tab le 1 1 . Long-t erm yield pr edic t io� models u s ing STEPWISE/MAXR . 
Soils , canopy c over , s oil-by-cover interac t ions , and p recip i ta ti on ! 
were independent var iab les tried . Model s  tested f or improvement 
S S  a t  . 1 0 l evel of s ignif icance . 
GRAMINOIDS 
A 
Best Mod el Y= 2 . 8+1 2 . l (VR) - . 1 7 (VRC ) +18 . 5 ( ST ) - . 3 2 ( STC ) +8 . 9 (P S )  
- . 05 ( VAC ) - . 06 ( SAC ) - . 1 0 ( c over )+ . 7 2 (precip ) 
PN , TR , VA , SA = intercep t 
2 r = . 68 
FORBS 
A 
Bes t  Model Y=3 . 7+8 . l (VR) - . 1 4 (VRC )+l . 3 ( ST ) + l . O (VA) -3 . 3 ( SA) + . 06 ( SAC ) 
- . 08 ( c over ) . 2 1 (prec ip )  
TR, PN , PS in tercep t 
2 r = . 65 
HERBAGE 
A 
Best Model . Y=  6 . 3+2 0 . 3 (VR) - . 3 l (VRC )+20 . 6 ( ST ) - . 3 4 ( ST C ) +9 . 0 (P S )  
- . 2 l ( P S C ) - 2 . 9 ( SA) - . 1 9 (cover ) + . 9 2 (precip ) 
TR , PN , VA intercep t 
SHRUBS 
A 
2 r = . 7 6 
Bes t  Model Y= � . 2+29 . 2 (PN ) - . 4 2 (PNC )+2 . 4 ( ST ) + l 5 . 1 (TR ) - . 1 9 ( TRC ) 
-2 . 6 ( �A) - . 04 ( cover ) + . 64 (precip ) 
P S , VR , VA intercept  
TOTAL 
2 
r = . 7 5 
Bes t  Model 
A 
Y= 2 5 . 7+5 . 1 (PN ) -8 . 0 (P S ) - 20 . 7 (VA)+ . 3 0 (VAC ) - 2 6 . 2 ( SA )  
+ . 3 l ( SAC ) - . 5 3 (cover )+1 . 5 6 (p recip ) 
TR , ST , VR = int ercep t  
1 
Prec ip itation term = May + June ( in inches ) 
2 
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F i gu r e  l 6 .  Lo n g- t e rm g ram ino i. d  p roduc t i o n  b y  so i l  ( f rom Ta b l e l l )  us ing no rma l May-June 
prec i p i t a t io n  ( 7 . 5  inche s ) . 
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F L gu re 1 7 .  Lo n g - c e rm herbage p roduc t i on by so i l  ( f rom tab l e  l ! ) u s i n g norma l Ma y - June 
p r ec i p i t a t ion ( 7 . 5  i n c he s ) .  
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r l gu r !!  1 8 .  Long- c e rm s h rub p r odu c t i on b v  so i l  ( r om Tab l e  I I )  us i n g  n o rma l  �lay-June 
p rec i p i t a t i o n  ( 7 . 5  l n c hes ) . 
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r i �u r e  1 9 .  Long- t e rm  c o c a l und e rs t o ry p r oduc t i on b y  s o i l ( f rom Tab l e  l l ) u s i n g  norma l 





The s e mod e l s  a l l ow l and man�ge rs  t o  p r e d i c t  w it h h i gh l eve l s  o f  
con f id en ce ( P< . 1 0 ) and p r e d i c t ab i l i t y  ( r - s quared r ang ing f rom . 6 5 t o  
. 7 8 )  t h e  compon e n t  and t o t a l y i e l d fo r .  t he s e s o i l s  each ye a r  by 
i n c l ud ing a p re c ip i t at ion va l u e for a two month p e r iod . 
G e n e r a l P rod u c t i o n  R e l a t i o n s h i p s  b y  Soi l 
Ove r a l l  comp a r i s ons o f  in t e r a c t ion mod e l s  b e tween 198 Z and 1 9 8 3  
s how on l y  m ino r d i f f e r ences  i n  r e l a t ive rank ings o f  p roduc t ion b e tween 
s o i l s . Th e i n c l u s ion o f  a p r e c ip i t a t ion coe f f i c i e n t  h a s  exp l a i n e d  a 
s ign i f i cant  po r t ion o f  the y i e l d  v a r i ab i l i t y fo r a l l vege t at ion 
component s ove r two y e a r s . Th i s  has b e en a t t r i bu t ed to o v e r a l l  
r educ t ions in s e as ona l p r ec i p i t at ion a t · rep o rt ing s t at ions in 1983. 
The r e fo r e , r e l a t ive r e l a t ions h i p s  b e tween s o i l s and g eomo rph i c  r e g ions 
can b e  iden� i f i e d . To t a l  p r oduc t ion on c ry ic s ed imen t a ry s o i l s  f ar 
out y i e l ds f r i g i d  s ed im e n t a ry s o i l s . H i gh e r e l evat ions o f  c ry ic s o i l s 
res u l t  in l ow e r  evapo t r a ns p i r a t i on l o s s e s . A l t ho u gh no d i f f e renc e  in 
t o t a l  p rodu c t ion b e tw e e n  c ry i c s ed iment ary s o i l s was found e i t h e r  y e a r , 
l a r g e  d i f f e r en c e s  o c cu r r ed in y i e ld comp onent s .  Th e s ke l e t a l  s o i l s 
( Tr e bo r s ) f avo r e d  s hr u � s  w h i l e  t h e  non - s k e l e t a l  s o i l s ( S t ovho s ) f av o r ed 
g r am ino ids . 
Foo t s l o p c , non - s k e l e t a l  s o i l s  in t h e  cryic s ed imen t a ry and 
f r i g id me t amo rph ic a r e as p roduc ed h igh g r am ino i d  y i e l d s . P edo g en i c  and 
t op og r ap h i c p rop e r t i e s  may e xp l a in the h i gh e r  p rodu ct ion o f  g r arn ino i ds 
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on t hes e s o i l s . B o t h  a r e  found in foo t s l o p e  p o s it ions , r e c e i v ing 
add i t ion a l p r e c i p i t i t a t ion as  run - in .  In add i t ion , bo t h  s o i l s  a r e  
non - s k e l e t a l , wh i ch p r o v id es mo r e  ava i l ab l e w a t e r  t o  p l an t s  t h a n  
s ke l e t a l  s o i l s o f  s i m i l a r  t ex t u r e . S inc e co a r s e f r a gment s d i s p l ac e  f i n e  
e a r t h  s o i l  vo l ume , l e s s w a t e r  is h e l d  w i t h in a g i ven de p t h  o f  s o i l  
comp a r ed t o  a so i l d e vo id o f  c o a r s e  f r a gm e n � s  ( i f f r agm ent s a r e  
non - po rous ) .  S i l t l o am t e x t u r e s  found i n  E ho r izons a l s o  ho l d l a rg e 
amoun t s  o f  ava i l ab l e  �at e r  com p a r e d  t o  other s o i l  t e xtu r e s . B a s ed upon 
d i f f e r e n c e s  b e tw e e n  . 0 3 and 1 . 5  �! P a  w a t e r  and c o a r s e f r agm e n t  c o n t en t , 
V i r ku l a  p edons c o n t a i n mo r e  a v a i l ab l e w a t e r  t h a n  P a c t o l a  s o i l s . ( S e e 
Append i x B . ) A l t ho ugh s o l um t extur es a r e  s im i l a r b e t w e e n S t ovho and 
T r ebo r s o i l s , l a r g e  d i f f e r e n c e s  in co a r s e f r a gment con t en t  r e s u l t in 
mo r e  av a i l ab l e  w a t e r  p e r  i n c r e m e n t  of depth in S t ovho p ro f i l es . Th inne r 
s o l ums on T r eb o rs a l s o  may p l ay an impo r t a n t  ro l e  in r educ e d  g r a m ino i d  
p roduc t ion . 
P a c t o l a  s o i l s on no r t h  a s p e c t s  h a v e  low e r  g r am ino id y i e l ds t h an 
s out h  as p e c t  c o un � e rp ar t s ,  p o s s i b l y due to mo i s t u r e  and l i ght comp e t i ­
t i on tv i th o t h e r  ve g e t a t ion c omp o n e n t s . P act o l as ( N )  a r e  m ad e  up 
p r edom inan t l y  o f  s h rubs wh i l e  P a c t o l as ( S )  co nt a in m a j o r  p ropo r t ions o f  
gr amino i ds .  �c r t h  _ a s p e c t s  i n  t h e � r i g id z o n e  h av e  a mo r e  f avo r ab l e  
m i c ro c l im a t e f o r s h rub p rodu c t i o n  t h an s ou t h  a s p e c t s . C ompe t i t i v e  
r e l at ions h ip s  amo ng y i e l d compon en t s  m a y  a c count f o r  s im i l a r g r am ino id 
p rodu c t ion b e t� e en V an o ck e r s  and S awdus t s  s in c e  V an o c k e r s  o v e r a l l  a r e 
mo r e p rodu c t iv e  t h an S awdus t s o i l s . O t h e r  in� ib i t o ry p ed o l o g i c  
p rop e rt i e s o f  S awdus t s  ( d i s c us s e d l a t e r )  m ay b e  r e s p o n s i b l e  fo r l ow 
ove ra l l  p r oduct i o n . 
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Re l a t i ve ly l i t t l e  d i f f e r e n c e  e x i s t s  b e tween mo s t  s o i l s  in f o r b  
p roduc t ion . V i r ku l as f a r  ou c y i e l d  any o� he r s o i l , w i t h  one s p e c i e s  
cont r ibut ing a l ar g e  p r opo r t ion o f  t h i s  d i f f e r e n c e  ( d i s c us s ed in a l at e r  
s e c t ion ) . S awdus t s  h av e  a much s ma l l e r  forb component than any o t h e r  
s o i l .  Ove� a l l ,  c e c a l  f o r b  p roduc t io n  d o e s  no t app e a r  c o  b e  h e av i l y  
i n f luenced b y  a s p e c t  and/ o r  s o i l  e xc e p t:  o n  V i rku l as and S awdus t s . 
A l t hough S t ovho s p ro du c e  mo r e  g r am ino ids t han V i rku l as , t h e  l ar g e  forb 
component on V i r ku l a s  c aus e s  c omb ined p roduc t ion ( he rb a g�) to  be  s im i l ar 
in the l ong - t e rm mod e l when us ing t: h e  s ame p r e c i p i t a t ion c o e f f i c i ent 
( F ig .  1 7 ) . 
F r i g i d s ed ime n t a ry s o i l s  p ro duced much l es s  t o t a l  p rodu c t ion 
t han s o i l s in o th e r r e g ions i n v e s t i g a t ed . A l though p r e c ip i t at ion may b e  
s l i g h t ly l e s s  than o t h e r  a r e as ( T ab l e  7 ) , inh ib i c ory p edo l o g i c  f a c t o r s  
a r e  p r ima r i ly r e s pons i b l e  fo r l o� e =  p roduct ion on th e s e s o i l s . S o l um 
thi ckne s s  i s  t h inn e r  than a l l o t h e r  s o i l s  inv e s t igat ed excep t Trebo r s . 
Howe ve r ,  e vapo t r ans p i r a t i on is l ow e r  and wat e r  r e t en t i on gr e a t e r  on 
T r e bo r s  than the f r ig id s e d imen t a ry s o i l s . Vanacke r and S awdus t s o l ums 
ave r aged 2 9 - 3 0 em . In add i t ion , c o a r s e  f = agmenc cont ent r ap id ly 
inc r e a s e d  b e l ow t h e  s ur f ac e  in a l l  four p edons char act e r iz ed ( Ap p end ix 
B ) . C o a r s e f r agme nc -wa t e r  r e l at ions h ips ( p r inc ip l e s d i s cus s ed e ar l i e r ) , 
a l ong with s h a l l ow s o l ums � m a y  o e  l a rge cont = ibut ing f a c t o rs c o  l ow e r 
p roduct ion . I n  add i t i o n , h i gh evap o t r an s p i r at ion o n  S awdus t s , coup l ed 
w i th po s s ib l e nu t r i en t  de f i c i en c i e s  du e t o  f r ee c a l c ium c a rb on at es at 
the s u r f a c e , may r educe p r odu c t i o n . Pho s pho r us and i ron a r e  r e l at i v e ly 
unav a i l ab l e  when f r e e  c a l c ium c a r bo n a t es m a in t a in a h i gh s o i l  pH . 
.... - · .. : ·  
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Vegeta t i o n  C h  a r· acte r i z a t i o n  
Ove r v i ew 
Th e char a c t e r izat ion o f  v a s cu l a r  p l a , t s is bas ed s t r i ct l y on f i e l d 
o bs e rv at i ons  du r i n g  c h e  t\lic - y e 2 r  s ··  !(: :-' · S in c e mos t s i t es �-e r e  l oc a t ed 
w i t h in g r az ing a l l o tmen t s , p l a n t  commu� 1 t i e s  m a y  h av G  b e e n  in f l u en c ed b y  
p a s t g r az ing . In add i t ion , s i l v i cu l cu r d l  app l i c a t i o n s  ( e . g . t h inn ing 
and h a rve s t ing ) in t h e  f o r e s t have a f f  . c : e · p l a nt commun i t i e s  t o  v a r ious 
deg r e e s . F ind i ng und i s t u r b ed fo r e s t s t an d s  c o nt a in i ng t h e  v a r i ab i l ity 
needed i n  canopy co v e r wou l d  be e x t r err " l ;· d i f f i cu l t  s inc e n e a r l y  a l l 
s t ands have been l o gg e d  a t  l e as t  t � i c �  J � r �ng t he pas t c e n t u ry and a r e  
thus s e conda ry g r ow t h . 
Var i a b i l i t y in p l ant commun i t i e s  fo r a g iv e n  s o i l  s ho u l d  b e  
gre at e s t und e r  s p a r s e  c anopy co v e r s  i n  a omm e r c i a l  fo r e s t . A s  s t ands 
are th inned o r  h a rv � s t e d , the l a r0es t r educt Lons in canopy c ov e r  wou l d  
p r oduce t h e  g r e a t e s t  un d e r s to ry l i gh t J n d  mo is ture c h an ge s . Thus , 
s t ands that have b e e n  g r e a t l y  r e du c e d wou l d  t yp i c a l l y r equ i r e  mo r e  t im e  
fo r r e l a t i v e l y  s t ab l e  p l an t  commmun i t i e s  c o  b e  e s t a b l i s hed . R ec e nt l y 
t h inned s t ands m ay not con t a in s p e c i e s  o r  p ropo r t i on s  o f  s p e c i e s  t h a t  
wou l d  be p r e s en t  ove r a l onge r p e r iod o f  : ime . 
S t o cking r a t e s  f o r  a t  l e as t t h e  l a s t c e c ade h ave been c ons e rv a ­
t ive on fo r e s t ed s i t e s  � i t h in g r az ing a l l otments . M any a l l o tme n t s a r e  
managed for 3 0  to � 0� u t i l i z a t i on o f  t h e  und e r s t o ry wh i l e  fo res t 
open ings s uch as p a rks and s t r e am m e adows a r e  managed f o r  h i ghe r l eve l s  
o f  ut i l i z at ion ( p e r s o�a l  c �mmun i c a t i o n - C S F S ) .  Une v e n  l ives t ock 
.... � .. . . "  . 
d i s � r i bu � ion o r  po o r  a c c e s s o f t en cau s e s  even l i ght e r  l ev e l s  o f  
u t i l iz a t ion . Thus , fo r e s c  p l an t commun i t i e s  i n  t he B l a ck H i l l s a r e a  
h ave p robab l y  no t b e en adve r s e l y e f f e c t ed b y  graz ing m anagemen t . 
F l o r a l  at t r ibu t e s o f  c h e  84 s i c e s  inve s t i g a t e d  w e r e  r i ch in 
d i v e rs i ty , p a r � i cu l a r l y und e r  s p a r s e t o  open c anop i e s . P l an t  popu l a -
t i ons w e r e  f r equen� l y  g r oup e d r a t h e r  t han d is p e r s ed a c r o s s t he 
unde r s t o ry . A t o t a l o f  1 8 1 s p e c i e s w e r e idenc i f i ed , i n c l ud ing 3 4  
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g r am ino ids , 1 2 2 f o rb s ,  2 1  s h ru b s , and four ove r s c o ry c r e e  s p e c i e s . Mos t  
p l an t s  w e r e i d en t i f i ed t o  t h e  s p e c i e s  l e ve l . A c omp r e h en s ive inv e n t o ry 
o f  a l l  s p e c i e s , inc l ud i ng s c i e n t i f ic nam e , comman nam e , s c i ent i f i c 
ab b r ev i a t ion , and fo r a g e va l ue r a t ing i s  found i n  App end i x  E .  
r1any s p e c i es w e r e r e s t r i c t ed to geomo rph i c  r e g ions and / o r  
c e r t a in l eve l s  o f  s had ing . O f c e n on l y  t r a c e s 9 o f  s p e c i e s  o c cu rr ed on 
s om e  s o i l s o r  r eg i ons w h i l e  much l a r g e r  compo s i t i ons exi s t ed on o t h e r  
' 1 s o � . s . O t he r s p e c i e s  w e r e  ab s e nt in s ome r e g i on s  wh i l e r e ad i ly found in 
o t h e r  a r eas . 
D ac a  f r om b o t h  1 9 8 2  and 1 9 8 3  was us ed t o  dec e rm in e  s p e c ie s  
o c cu r r ence s in c e  in f r equen t  ( : r ac e ) s p e c i es may have b e en o b s e rved o n e  
y e a r  but n o t  the o c h e r  o n  a g i ven s i t e . Compo s i c iona l eva l uat i o n  o f  
ma j o r  s p e c i e s  w i t h in t h e  unde r s t o ry i s  b a s ed on 1 9 8 3  e s t im at es s in c e  
mod i f ied m e t hods o f  e s t imat ion in 1 9 8 3  w e re mo r e  r e l i ab l e t h an 1 9 8 2 . 
A l l s p e c i e s  idenc i f i ed du r ing the s t udy a r e  comp i l ed by vege c at i on c l as s 
in App e n d i x  F .  A b s o l u t e  t r a c e s  o f  s p e c i e s  b o t h  y e a r s  fo r a g iv e n  s o i l  
a r e  d i f f e r e n c ed f ro m  compo s i t ions g r e a c e r  t han a t r ac e . 
9 l es s  than 1% o f  t he t o t a l und e r s t o ry . 
...  - . · · · . .  
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G r a m i n o i d s  
Total gram ino id s p e c i e s ident i f i ed a c r o s s geomo rph i c  r e g io ns rang ed f rom 
1 9  in the f r i g id s e d imen t a ry to 28 in t h e  fr ig id me t amo rph i c zon e . By 
s o il , the f ew es t s p e c ie s w e r e f ound o .  S awdu s t s  ( 1 2 )  wh i l e  t he g r e a t e s t  
d iv e rs i t y was on P a c t o l as ( S )  a n d  S c o v L\  . .) S ( 2 2 ) . �1 a n y  g r arn in o ids 
oc cur r ed on l y  in t r ac e s  a c r o s s s i - e s f o r  a g i v en s o i l  ( Appendix F ) . 
Mo s t  sp e c i e s w e r e  coo l - s e as on  ( C - 3 ) p l an t s  bu t s e v e r al 
warm - s e a s o n  ( C - 4 )  p l an t s o c cu r red , m a i t t l �  on s ou t h  aspect s in the f r ig i d  
me t amo rp h i c and s ed im e n t a ry z o n e s . E xp o s ed s i t e s  on s o ut h a s p e c t s , in 
fo r e s t op en ings , s t r e am me adow s , and a rks at l owe r e l ev a t ions h ave 
w a rm e r s o i l  t emp e r a t u � e s  and m i c r oc l im 1 : e s  :h an as s o c i a t ed s i t e s i n  
foots lo p es and no r th as p e ct s . � 1os � a  . .  - � e a s on p l an t s we r e  fo und on 
so ut h a s p e c t s  of P a c t o l a  s o il s and o n  Sa c u s t  s o i l s . W arm s e a s on 
g r am ino ids inc luded Spo ro b o l u s  h e t e r o l e o i ?._ , S c h iz a chv r ium s c oo ar i um , 
Androoogo n  ge r a rd i i , B out e l o u a cun::: i o e udu 1_.� , :!uh l enb e r g i a  r a c e m o s a ,  
P an i cum l e i b e rg i i ,  P 3n i c um w i l co x i anum , and S o rghas t rum nu t an s . O n l y  
Spo ro bo l i s h e t e ro l e o i s  �� as  i o c a t ed in m j o r p r o p o r t i ons in a r e a s  wh i ch 
w e r e  no t h igh l y  in f l u e n c ed by s o u t h - f a c i n g  a s p e c t s . High s i l t  p lus s and 
con t ent s in t h i ck E ho r iz on s o f  \" i r ku l a  s o i l s  m a y  be f av o r ab l e  t o  
S o o robo l u s  h e t e ro l e o i s , w h i ch c ommo n l y  g r ows o n  coars e - t extur ed pra irie 
so il s . 
On l y  t h r e e  g r am ino i d s  we r e  found t h rou ghou t  a l l s o ils inve s t i­
g ated . Th e s e  inc l ude C a r e x  � · , A 2 rc o v r on c an inum , and Ko el e r i a 
c r is t at a . O t h e r  s p e c i e s  w e r e  abs ent in s ome r e g ions b u t  p r e s en t  in 
othe rs . D ant hon i a  spp . ,  O rv z oo s i s  a s � e r i fo l i a ,  and S ch iza c hne 
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pu rpu r as cens d id no t o c cu r  on s o i l s in  t h e  f r i g i d  s ed iment a ry zon e but 
� e r e  found e l s ewhe r e . S t io a  r i cha rds on i i  and E l vmus innovat us we re no t 
found on f r i g id m e t amo r p h i c  s o i l s but ex i s t e d  on s o i l s  in o t h e r  reg ions . 
P ar e nt mat e r i a l , a i r  t emp e r a t u r e , s o i l  t e x t u r e , nut r i ent s t a tus 1 s o i l  
mo is t u r e , . t op o g r ap h i c  po s i t ion , a s p e c t , a nd m i c r oc l im a t e  a r e  p r o b a b ly 
int e r ac: ing t o  in f l u ence ex i s � en c e  of  a g i v en s p ec i e s  on a g i ve n s o i l  o r  
w i t h in a g i v en r e g ion . 
De s p i t e  t h e  p r e s ence o f  many s p e c i e s  a c ro s s  e a ch s o i l , few 
co n t r ibuted maj o r  p ropo r t i ons ( by we ight ) t o  the t o t a l unde r s t o ry ( T ab l e  
1 2 ) . On l y  o n e  maj o r  g r am ino i d , O ryzops is a s p e r i fo l i a ,  was found o n  
P ac t o l a  (N)  s o i l s . O n  s outh as p e c t s  o f  P ac t o l as , o n l y  C a r ex � · �� as 
found in m a j o r  p r o p o r t i o n s . B o t h  s p ec i e s w e r e  s hade t o l e r an t  and t ended 
to inc r e a s e  in compo s i t io n  w i th i n c r e a s ing cov e r . O rvzoos i s  a spe r i f o l ia 
a l s o  rema ins g r e e n  th rough � h e  w in t e r . 
High numb e r s o f  t o t a l  g r am ino id s p e c i e s  as we l l  as m aj o r 
s p ec i e s  we r e  f o und on foo t s l op e  s o i l s  (Tab l e  1 2 ) . C a r ex � · s ha r ed t h e  
unders t o ry compo s i t ion und e r  s p ars e cov e r s  on V ir ku l as w i t h  s eve r a l  
o ther maj o r  g r am ino ids but inc r e as ed d r am a t i c a l l y  in compo s i t iona l v a l u e  
w ith inc r e a s ing cover as a r es u l �  o f  d imin is hed compo s it ions o f  o t her 
spec i e s . 
Th e c ry i c  s ed im e n t ary a r e a  w as dom i n a t ed by coo l - s ea s on 
gr am ino ids . E lymus innovatus was found in h i gh e r  p ropo r t ions on S t ovhos 
t han o n  any o t h e r  s o i l . C ar e x  � - was a l s o  a maj o r  component on t h i s  
c ry i c , non - s ke l et a l  s o i l . An o t h e r  n a t i v e  coo l - s e a s on s p e c i e s , B romus 
p urnpe l l i an u s , o c �u r r ed in m a j o r  p ropo r t ions on l y  in t h e  c ry i c r e g i o n . 
Tab le 1 2 .  Maj or
1 
gramino ids f ound across soils  inve s t igat ed . 
ind icated by  l ow ( 1 ) , modera t e  ( 2 ) , and high ( 3 ) . 
in comp o s i t ion or absent . 
Shad ing toler ance 
Dashes indicat e  minor 
Spec ie s 
Agropyron caninum 
A .  smi thii 
Andropogon gerar d i i  
Bouteloua curt ipendu la 
Bromus pumpe l lianus 
Carex spp . 
Danthonia int ermed ia 
D .  Spica t a  
Elymu s innova tus 
Oryzop sis  asper i f o l ia 
Poa pratensis 
Schi zachyrium scoparium 
Sporob olu s  het ero lep i s  
S t ipa columb iana 
S .  r ichardson i i  
Shad ing Soil  -----------------
















































spec ie s  which compr ised a t  least  5% of  the unders tory on two or mor e  s i t e s  f or each 





H i gh de n s i t i e s o f  P o a  pr a t ens i s t yp i c a l l y o c c u r  in m e adows 
t h r ougho ut the H i l l s but l ow po pu l a t i ons we r e  ob s e rv e d  o n  fo r e s t e d  
s o i l s . Ac c o rd ing t o  D aub e nm i r e  ( 1 9 5 6 ) � ove r gr az i ng o f  moun t a in 
r ange l an d  o f t en a l l ows t h e  in f l ux o f  t h i s s p e c i e s  int o nat i v e  c ommun i ­
t i e s  in t h e  W e s t . Th i s  s c e na r io p ro b ab l y  a l s o o c cu r r e d  in the B l ack 
H i l l s . How e ve r ,  Poa o r a t e n s i s  h a s  no t h e av i l y enc r o a ched ont o f o r e s t ed 
s o i l s in ves t i g a t ed . Th is g r a m in o i d  was c l as s i f i ed as a ma j o r  s p e c i es 
on l y  on V i rku l as and S t o v h o s  b u t  d i d  no t dom i na t e t h e· und e rs t o ry on 
t h e s e s o i l s . Po a pr a t e ns i s i s  no t h igh l y  s h ade - t o l e r an t but mo r e  
impo rt an t ly ,  fo re s t ed s i t e s  have p rob a b l y n o t  b e en gr az ed t o  t he ex� r e m e  
t ha t o c cu r r ed on adj ac e n t  m e adows p r i o r  to c o n t empo rary ( po s t - 1 9 5 3 ) GSFS 
gr az ing management ( U . S .  Fo r e s t S e =v i c e  1 9 8 3 ) . 
I n  t he f r i g i d  s e d im e n t ary r e g ion , a s p e c t s gen e r a l l y s ep a r a t ed 
maj o r  coo l and warm - s e a s o n  g r am ino ids . Th e w a rm - s eas on s p e c i e s  
dom inat e d  s ou t h  a s p e c � s  whi l e  c oo l - s e as o n  compon en t s  dom in at e d  no r t h  
as p e c t s  (Tab l e  1 2 ) . Agrop�ron s m i t h i i , impo r t an t  on both Vanoc k e r s  and 
S awdus t s , app e a r ed t o have mo r e  s hade to l e r an c e  t h an other s p e c i e s . 
Forb s 
Th e o c cur r enc e  o f  1 2 2  f o rb s  a c r o s s o n l y  84 s i t es ex emp l i f i e s  t h e  e x� r erne 
h et e rogene i�y a s s o c i at ed w i th t h e  f o rb component . � ine s p e c i es we r e 
common t o  a l l  s o i l s . The s e inc luded Ant enn a r ia s po . , A ch i l l e a 
m i l l i fo l i urn , Apo cvnum and r o s aem i fo l ium , As t e r  l ae v i s , C ampanu l a 
ro t und i fo l i a ,  G a � i um b o r e a l e , S m i l ac in a s t e l l a t a ,  S o l i d aga m i s s ou r i e n ­
s i s ,  and V i c i a  am e r i can a ( Ap p e nd i x  F ) . A l though S awdu s t s h ad t h e  
s m a l l e s t  f o r b  c ompo nent , t h e y  cont a in e d  t he g r e a t e s t  d ive r s it y . 
1 03 
Few f o r b s  w e r e  s p e c i f i c to g eomo rph i c r e g i ons . �es t n o t a b l e  
w e r e  C l emat is t enu i l o b a  and Luo inus a rgenteus on c ry i c s ed im ent a ry s o i l s 
wh i l e P e t a l os t emon � ·  and Th e rmops is  rhomb i fo l i a w e r e  on f r i g i d  
s ed imen t a ry s o i l s  ( App end ix G ) . 
Wh en addr es s i n g  on l y  m�j o r  f o rbs , the forb invento ry was 
dramat ic a l l y r edu c ed ( T a b l e  1 3 ) . G r e a t e r  s p e c i f i c i ty ex i s t e d  b e tw e en 
s o i l s t h an between r e g ions . Lath rvus och ro l eucus was t he on l y  ma j o r 
s p e c i e s  on no r t h  a s p e c t s  o f  P a c t o l a  s o i l s  wh i l e Aoocvnum and ro s aem i fo ­
l i um and A r t em i s ia l udo v i c i a n a  w e r e  the maj o r  f o r b s  on s ou t h  a s p e c t s  
(Tab l e  1 3 ) . Apo cynum and r o s a em i fo l i um d id no t make maj o r  und e r s t or y  
cont r ibut ions unt i l  c anopy cov e r s  be gan to  c l os e , ind ic a t ing t he n e e d  
f o r  � orne d e g r e e  o f  s h ad e . G lycy r r h i z a  l epido ca  dom inat ed V i rk u l a  s o i l s 
but  may not be as p r e v a l en t  on foo t s l ope s o i l s  in o t h e r  m e t amo rph i c  
r e g ions . 
No s in g l e  s p e c i e s  domi n a t ed s ed imentary s o i l s  in e i t h e r  
temp e r a t u r e  regime . I ns t e ad , s ev e ra l s p e c i e s  mad e s im i l a r c on t r ibut ions 
on a l l 4 s o i l s inve s t i g at e d  ( Ta b l e  1 3 ) . G a l i um bo r e a l e  w as the mos t  
comman s p ec i e s  in the s ed imen t a ry r e g ion e x c ept on Sawdu s t s o i l s . 
S h r u b s  
F ew e r s h rub s p e c i e s  o c cu r r ed acros s s i t e s than the o t h e r  veg e t at i o n  
componen t s  ( App end ix F ) . Th is a l l owed c e rt a in s hrub s t o  comp r is e  m a j o r  
po r t ions o f  s i t e s  unde r  mod e r a t e  t o  dens e cove rs  w h i l e  o t h e r  unde r s t o ry 
componen t s  o f t en d im in i s h e d . N e a r l y  a l l s hrubs had mod e r at e  t o  h i gh 
s hade to l e r an ce , r e l at iv e  to o t h e r  vege t at ion componen t s . S h rubs w e r e  
Tab le 1 3 .  Maj o r
1 
f o rb s  f ound a c r o s s  s o i l s  inves t i ga t e d . Shad ing t o l eranc e ind i c a t e d  
by low ( 1 ) , mod e ra t e  ( 2 ) , a n d  h i g h  (3 ) . Da she s ind ic a t e  minor in c ompo­
s i t ion o r  ab s ent . 
Spe c ie s  
Ach i llea mi lle f o l ium 
Anemone p a t en s  
Ant ennar ia spp . 
Apocynum androsaemif o lium 
Ar t emi s ia lud ov i c i ana 
As t e r  spp . 
Gal ium bo rea le 
Geum t r if lorum 
G lycyrrhiza lep idota 
Hel ian t hu s  r ig idus 
La thyrus ochro leucus 
L .  po lymo rphu s 
Lia t r is punc t a t a  
Pe t a lo s t emon cand idum 
Smi lac ina s t e l la t a  
S o lidago spp . 
The rmo p s i s  rhomb i f o l ia 
Shad ing S o i l  ------------------














































spec i e s  which c omp r i sed a t  lea s t  5% o f  the under s t ory on two or more s i t e s  for each 
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a l s o  more c l o s e l y  as s oc i a t ed w i t h  s o i l s and/ o r  r e g ions t h an e i t h e r  
g r am ino ids o r  f o r b s  ( Tab l e  1 4 ) . Ama l anch i e r  a ln i fo l i a , Ros a spn . , and 
Sympho r i c arno s spo . o c cu r r ed ac ros s a l l  s o i l s . Rubus i d e anus and 
P �un i s v i rg in i ana o c c ur red on l y  on f r igid m e� amo rph i c s o i l s  whi l e  
Be rb e r i s r e o ens was found on l y  on c ry i c  s ed imen t ary s o i l s . 
As l i s t ed in Tab l e  1 4 , mo s t  s hrubs we r e maj o r  comp o n e n t s  o f  t h e  
und e r s � o ry on on l y o n e  o r  t w o  s o i l s . I n  add i t i on , n o t mo r e  t han four 
s h rub s w e r e  i n  h i gh p ropo L t i o ns on any one s o i l . The r e fo r e , s hrub s may 
cha r ac t e r iz e  a s o i l  mo r e c l o s e l y t han e i t h e r  g r am i no ids or f o r b s , 
p a r t i cu l a r l y  in t h e  f r i g id m e t amo rph ic and c ry i c  s ed i me n t a ry r e g i o n . 
I n  the f r i g id met amo rph i c  zone , Arct o s t aphv lo s uva - u r s i and 
Rub us idean us dom i n a t ed P a c t o l a ( � )  s o i l s und e r s pa r s e  to open c ano p i es . 
As cov e r  incr eas ed , Rub us ideanus d r opp ed out o f  t h e  compos i t i on wh i l e 
A r c � os t aphv l o s uv a - u r s i r em a i n ed impo rt an t . Amo rp ha c ane s c ens and 
P runus v i rg in i an a w e r e  ma j o r s h rub component s on s outh as p e c t s o f  
Pac t o l a  s o i l s . S vmpho r i c a rpo s � · w a s  t he on l y  majo r s hrub on V i rku l a  
s o i l s  b u t  d i d  no t con t r ib u t e  l a rge p ropo rt i ons t o  t h e  und e r s t o ry . 
A r c t o s t ao hv l o s  u v a - u r s i � a s a l s o  h i gh l y  imp o r� ant on s o i l s in 
the c ry i c  s ed iment a ry ar e a . Th is s p e c i es app a r e n t l y  f avo r s  t h e  coo l 
t empe r a t u r es and mo i s t  m i c ro c l ima t e . f ound on north as p e c t s  and at h i ghe r 
e l e v a t ions in t h e  B l ack H i l l s  r ather  t h an e i t h e r  t yp e  o f  p a r en t  
mat e r i a l . Jun ioe rus c ommun i s  was mo s t  r e a d i l y  ob s e rved i n  t h e  c ry i c 
r e g ion and ind e ed dom in at ed Tr ebo r s o i l s . H i gh e l evat ions a r e  p roba b ly 
mo r e  imp o r � an t  for th is s p e c i e s  t han t yp e o f  p a r en t  ma t e r i a l s in c e  i t 
was p r act i c a l l y  non - ex i s t en t  on f r i g i d  s ed ime n t a ry ( l ime s t on e ) s o i l s .  
Tab le 1 4 . Maj or
1 
shrub s  f o und acro s s  s o i l s  inves t iga t ed . Shad ing t o l erance ind ica t ed 
by low ( 1 ) , mod e ra t e  ( 2 ) , and h i gh ( 3 ) . Dashes ind ic a t e  minor in c ompo­
s i t ion o r  ab s en t . 
Shad ing So i l  
S£e c ie s  To l .  Pac t (N) Pac t ( S ) Virk S t ov Treb Van Saw 
Ama lanchier a ln i f o l ia 3 - - - - - X 
Amorpha c anesc ens 3 - X 
Ar to s taphy l o s  uva-ur s i  3 X - - X X 
Berb e r i s  repens 3 - - - - X 
Junipe rus c ommuni s 3 - - - - X 
Prunus virg iniana 2 - X 
Ro sa spp . 3 - - - - - X 
Rubus ideanu s  1 X 
Spireae b e t u l i f o l i a  3 X 
Symphor icarp o s  spp . 2 X v X X X X X A 
1
spec i e s  wh ich c ompr i s ed a t  leas t 5% o f  the under s tory on two or more s i t e s  f o r  each 
soil u s ing 1 98 3  spec ies e s t ima t ions . 
....... 0 0\ 
B e r b e r i s r epens w a s  a l s o  imp o r t an t  on T r eb o r s . A l l t hr e e  o f  t h e s e  
s hrubs a r e  eve rgr e e n s . 
1 0 7  
F r igid s ed im e n t a ry s o i l s  cou l d  no t b e  r e ad i l y as s o c i a t e d  w i t h  
maj o r  s h rub s p e c i es as w e r e  s o i l s  in o t h e r  r e g ions . On l y  Svrnoho r i c aroos 
� · was i mpo rt a n t t o  t h e unde r s t o ry on S awdus t s  and then on l y  unde r 
mod e r a t e c anop i e s . Ama l an c h i e r a l n i fo l i a and Ros a � - w e r e  impo r t ant 
but did no t dom i n a t e  unde r s t o r i e s  on V a na c k e r  s o i l s . 
A s s oc i a ti o n  of Maj o r  S p ec i e s  to S o i l s  
Ove r a l l ,  und e r  fo re s t e d  cond i t ions , c e rt a in s p e c i es o f  g r am ino i d s , 
forbs , and/ o r  s hr�bs co u l d  b e  as s oc ia t ed w i t h  s pe c i f i c s o i l s . Tab l e  15  
l i s t s  t ho s e s p e c i e s  wh i ch a r e  mos t s t r o n g l y  as s o c i a t ed w i th e ach s o i l . 
On f r i g id me t amo rph i c  s o i l s , O rvzops i s  a spe r i f o l i a and A r c t o s t aohv l os 
uva - u r s i we r e  mo s t  c h a r a c t e r i s t i c o f  no r t h  as p e c t s o f  P a c t o l a  s o i l s 
w h i l e P runus v i rgi n i a  and l a r ge p r o po rt ions o f  C a r ex s op . w e r e  
as s o c i a t ed w i th s o u t h  as p e c t s  o f  P ac t o l as .  G l vcho rrhiza l epido t a  and 
Spo robo l us he t e ro l e o i s lve r e  mos t impo r t ant on V i rku l as . On c r y i c  
s e_d iment ary s o i l s , A r c t o s t aohv l o s  uva - u rs i a n d  E l vmus inno v a t us w e r e  
mos t p r ev a l ent on S to vho s o i l s wh i l e Arc t o s t aohv l o s  uva - urs i ,  Jun ip e rus 
commun i s , and E l vmus inno v a � us we r e  a s s o c i at ed w i t h  T r ebo rs . On f r i g id 
s ed im e n t a ry s o i l s , S vmoho r i c a rn o s  � · ,  G e um t r i f l o rum ,  and Agroovron 
s m i t h i i  b e s t d e s c r ib e d  maj o r  veg e t at ion on Vanocke rs . S ch i z a c hvr ium 
s conar ium , Agroprvon s m i. t h i i � B o ut e l ou a  c u r t i p e ndu l a , and Androp ogon 
ge r a rd i i b e s t r e p r e s e n t ed S awdus t s . C a rex s pp .  made s om e  cont r i b ut ions 
o n  a l l  s o i l s but w a s  n o t  s t r ong l y as s oc i a t ed w i t h any s o i l  e x c e p t 
P ac t o l as on s ou t h  as p e c t s . 
1 08 
Tab le 15 . Mos t importan t species- by-soil relat i on ships . Sp ecies 
lif e  f orm ind icated by g (g raminoid) , f ( forb ) , or s ( shrub ) . 
Soil 
Pactolas- north aspects 
Pactolas-south aspects 




Sawd u s t s  
FRI G ID HETAHORPH I C  S O I L S  
Species 
Ar ctostaphylos uva- u r s i  
O ry zopsis asperifolia 
Lathyrus ochroleucus 
Carex spp. 
Ar t emi s i a ludov i ciana 
P runus vir g in iana 
G lycyrrh i za lepidota 
Sporobol us heterolepis 
CRY I C  S ED IMENTARY S O ILS 
El ymus innovatus 
Arctostaphy los uva-u rsi 
Ju nipe rus c ommu nis 
Ar ctostaphy los uva-ursi 
Elymus innovatus 
FR I G ID S ED IMENTARY SO I L S  
Symphoricarpos spp . 
Geum t r i f lo rum 
Ag rop yron smit h i i  
S c hi z a c h y r i um s c o p a r i um 
Ag r o p y ron smi t h i i  
Bo u t eloua c u r t i p e ndula 
And ropog on g e r a r d i i  






















G r a z i n g  P ote n ti a l  
F o r a ge P rod u c t i o n  
B e e f c a t t l e  a r e  t h e  m a j o r  unde r s to ry us e rs in t h e  B l ack H i l l s . 
Thus , y i e l d mode l s  a r e  p r ima r i l y de v e l op ed for  cat t l e . Fo r ag e  va lue f o r  
s h e ep ann d e e r  a r e  addr es s ed but s p e c i f ic  mode l s  t�e r e no t deve l op ed . 
�ong - t e rm unde r s t o ry p rodu c t ion mod e l s  hav e  been d i s c us s ed .  S in c e  t h e  
m aj o r d i e t  o f  c a t t l e  i s  g r am in o ids and f o r b s , the h e r b a g e  mod e l ( F ig .  
1 7 )  rep r e s ents t h e  max imum fo r age p r oduct ion and i s  t h e  b a s i s  f o r  
g r a z ing p o t ent i a l . Howev e r , t h e  p a l at ab i l i t y o f  the h e rb age mus t b e  
ev a luat ed t o  p rop e r l y  a s s e s s  that  po r t ion wh i ch i s  s u i t ab l e  fo r c at t l e . 
S p e c i e s  w e r e  r a t e d ac co rding t o  c a t t l e  p r e f e r en c e  in Append ix E 
' by comb in ing USFS and S C S  fo r age rat ing in fo rmat ion . S p e c ies n o t  r a t ed 
w e r e  e i t he r  ext r eme l y  m i no r i n  compo s i t ion o r  w e r e  not found in guides  
du e t o  l ack of impo r t a nc e . N e a r l y  a l l gramino ids  w e r e  p a l at ab l e but 
on l y  a p o r t i o n  o f  t h e  f o r b s . Th e on l y  und e s ir ab l e gr am ino i d was 
Agros t i s hvema l is but was m in o r  i n compo s i t ion . A l t hough D an t hon i a  
s o i c a t a  can a l s o  b e  undes i r ab l e i f  p r e s ent i n  l ar ge quant i t i e s , i t  d id 
not domin a t e any s i t es inv e s t i g a t ed . Thus , a l l g r am ino ids we r e 
con s i de r ed fo r age b u t  o n l y  a po r t ion o f  t he forbs  w e r e  inc l ud ed . 
R eg r es s ions o f  y i e l d  a g a ins t canopy cove r f o r  e a c h  s o i l  ( F ig . 
2 0 - 2 6 ) , w e r e  t aken f rom h e r b age and g r am ino id mu l t ip l e  r e gr es s i on 
equat ions foun� in Tab l e  1 1 . Th e h o r izont a l  das h ed l in e  at 2 2 4  kg/ha on 
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Fo �age p � od uc t i o n  fo r no �mal Hay-June p r e c i p l t� t ion on P�c t o l a  (N ) 
so i ls . Mod e l  ada p ted f rom Tab l e  l l  using he rba ge and p,rami no i d  
e q u a t ions w i t h  7 . 5  i n che s p r e c i p i ta t ion .  
2 0  
Pactola so i ls  
(south aspects) 
3 0  40 50 
-;. C A N O P Y  C O V E R  
6 0  7 0  
Fi gure 2 1 .  Fo r a ge produc t ion for no �al Ma y -June prec i p i ta t i o n  o n  Pac t o l a  ( S )  
s o i l s . Mo d e l  ada p t e d  from Tab le l l  us i ng he rbagt and g ramino i d  
e q ua t ions wi t h  7 . 5  i n c h e s  preci p i t a t ion . 
1 1 0  
8 0  
8 0  
V i rk u l a  s o i ls 
1 400 
1 20 0  
100 0 
/fora9e p roducti on 
800 p�oducrion 
6 0 0  
4 0 0  
2 0 0  
o�_.���������-L���-L��������-L���-L���_J 
0 1 0  2 0  3 0  4 0  5 0  6 0  7 0  
1. C A N O P Y  C O V E R  
Fi.gure 2 2 . fo r a g e  p rnduc t ion f o r  no rma l �1a y-June p rec i p i t at ion on V i rkula 
so i l s .  �!od e l  adap te d f rom Ta b l e  1 1  u s i n g  he rbage and g rami no i d  
e1ua t i nns w i th 7 . 5 i nc h e s  p rec i p i ta t i o n . 
e o  
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1. C A N O P Y  C O V E R  
F i gur e 2 J . Forage produc t ion f o r  no rma l  May-June p re c ip i ca t ion on S to vho s o i l s . 
10 
Mode l  ada p t e d  f rom Tab le l l  using h e rbage and gramino id equations 
with 7 . 5  inches p re c i p i ta t ion . 
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F i gure 24 . Fo r a ge p roduc t i o n  f o r  no rmal May - J une p re c i p i t a t io n  en Trebor so i l s .  
Mo d e l a da p ted f rom Tab l e  1 1  us i n g  he r b a �e and g ramino i d  equa t ions 
�i t h  7 . 5 i nc hes p re c i p i t a t io n . 
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-:. C A N O P Y  C O V E R 
Fo rage p ro duc t io n  f o r  no rmal Hay - Jun e  p r e c i p i t a t io n  on Vanuc ker 
so i ls . t1ode l ada p t e d f rom Ta b l e  1 1 us i n g  he rbage and g rami no id 
e q uat i o n s  wi t h  7 . 5  inches p re c i p i t a t ion . 
Sa w d u st soi l s  
productloft 
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-:. C A N O P Y  C O V E R 
Forage p ro d u c t i o n  f o r  �o rma l  � y-June p re c ip i t a t io n  on S awdus t �o L l s .  
Mod e l  adap t e d  f r0 m  Ta b l e l l  us i n g  h e r b age and gramino i d  e q ua t ions 
wi t h  7 . 5  inches p r e c i p i t a t i on . 
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8 0  
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y i e l d s , c a t t l e  c anno t phys i c a l l y  o v e r come the l arge s p a t i a l d i s t an c e 
b e twe en fo r age p l ant s t o  cons u m e  adequ a t e  fo r a g e  ( B yrd 1 9 8 0 ) . As a 
r es u l t , f o r ag e  l ev e l s r e a c h  t h e  m i n imum t h r e s ho l d  on s om e  s o i l s  a t  l ow e r  
. c anopy cov e r s  than o t h e r  s o i l s . 
App rox ima t e l y  S O�� o f  t h e  fo rb compon e n t  was r emov ed in ea ch 
s o i l  mode l du e  t o  unp a l a t ab i l i ty e x c e p t  f o r  V i rku l a  s o i l s ( F i g . 2 2 ) , 
wh i ch had t h e  g r e a t e s t  p ro p o r t io n o f  p a l a t ab l e fo r b s a t  s p ars e t o  
mod e r a t e  c anop i es ( Ap p e nd i x  H ) . Th e s o i l s w i t h  h i gh e s t h e rb a g e  
p r odu c t io n i n  l o n g - t e rm mode l s  � e r e  S t o v h o s  and V i rku l as . A l t hough 
V i r ku l as h ave l ow e r  g r am ino i d y i e l d s t han S t ovhos , h i gh e r pe r c e n t a g e s  of 
pa l a t ab l e  forbs r e s u l t  in s i m i l a r fo r a g e  y i e l ds a c r o s s  a l l c ove r c l as s e s 
( F i g : 22  and 2 3 ) . G l vcvr r h i z a  l ep i do t a , a p a l a t ab l e s p e c i e s , i s  t h e 
gr e a t es t con t � ibu t o r  t o  t h e  f o r b  comp o n e n t o f  V i r ku l a  s o i l s at s p ar s e 
c o v e r s . Thus , t h e  ab s e nc e o f  t h i s s p e c i e s  on o t h e r  V i rku l a s it e s m ay 
de cr e as e the g r az i n g  po t e n t i a l .  P a c c o l as ( S )  have a s m a l l fo r b  
compon ent t h a t  m a k e s  � m i n i m a l c on t r ib u t io n to g r az ing po t ent i a l . 
G r az ing po t ent i a l on P a c t o l a s ( S )  ( F i g . 2 1 )  i s  app rox imat e l y 5 0 0  k g / h a  
l e s s  t han S t ovhos and V i r kti l a s a t  0� c o v e r  P ac t o l as ( N ) , T r e bo r s , 
Vano c ke r s , an d S awdus t s  a l l  hav e l ow g r az ing  po t e�t i a l , y i e l d ing on l y  
5 2 0 t o  6 2 0  kg/ h a  und e r  o p e n  c anop i e s ( F i g . 2 0 , 2 4 , 25 , and 2 6 ) . Th e 
l ow e r  p e r c e n t ag e  o f  p a l a t a b l e  f o rbs on V ano c k e r s  at mo d e r at e c an o p i e s  
comp a r ed t o  o t h e r s o i l s c au s e s  t h e  pa l a t ab l e  fo rb c ompon ent t o  qu i ck l y 
d im in i s h  as mo d e r a t e  c o v e r s  a r e  r e ac h e d  ( F i g . 2 5 ) .  Th e ext r eme l y  s m a l l 
f o r b  c ompon e n t  on S a� du s t s  m a k e s  o n l y  m i n o r  c on t r ibu t io ns t o  f o r ag e  
p roduc t ion ( F ig . 2 6 ) . 
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I n  s umma ry , comp a r i s on s  o f  g raz ing po t en t i a l  b e tw e e n  s o i l s was 
very s im i l ar c o  d i f f e r en c e s in t h e  l on g - t e rm he rbage p ro du c t ion mode l 
( F i g . 1 8 ) . Foot s l o p e  s o i l s  had the h i gh e s t  g r a z ing p o t e n t i a l . F o r age 
p roduc t ion in che f r i g id s ed i m e n t a ry r e g ion av e r a ge d l e s s than any ot h e r 
r e g io n  i nv e s t i ga t ed . Th e c ry i c s ed_iment a ry and fr i g id m e t am o rph i c  
r e g ions had s im i l a r g r az in g  p o t en t i a l  when s o i l s  w i t hin e ach r e g i on w e r e  
ave raged t o g e t h e r .  
A s  p r e c i p i t a t i o n  v a r i e s , f o rage p rodu c t ion var i e s . S in c e  
g r am ino ids a r e  mo r e  s en s i t iv e c o  p r e c i p i t a t i o n  th an f o r b s , t h e  g r am ino id 
component o f  fo r ag e w i l l  change mo r e  d r as t i ca l ly than the f o rb component 
as p r e c ip i t at ion c h ange s . Th u s , ad j u s t in g  t h e  he r b age p roduc t io n  
equ at i on ( Tab l e  1 1 )  w i t h  a l a r g e r p r e c ip i t at ion t e r m  w i l l  i n c r e as e the 
g r am ino i d compon ent f a s t e r  than t he forb componen t .  P a l at ab l e f o r b s  
mus t be adj us t ed a c co r d ing l y . G r a z ab l e  wood l a nd � s i t e s  wou l d  r equ i r e  
p e r iod i c eva l uat ion t o  de t e rm in e c h anges i n  p l an t  compo s i t ions and 
fo r ag e va l ue . 
O t h e r  ungu l a t e s  s uch as s h e e 9 and d e e r  ut i l i z e  much l a r ge r 
p ropo rt ions o f  forbs t han do c a c t l e . I n  add it ion , s eve r a l s h rub s p e c i e s  
a r e  a l s o  v a l u ab l e , inc l uding A r c t o s t aphv l o s  uva u r s i ,  B e rb e r i s r ep ens , 
P runus v i rgin i an a � Rubus . ide anus , S h e p n e rd i a  canadens i s , and Ama l an c h i e r  
a l n i fo l i a .  G r az ing p o t e n c i a l  ( in c l udin g b r ows e )  wou l d  t h en b e  
con s i d e r ab l y h i gh e r  o n  s i t e s cont a in ing t h e s e s p e c i e s . To t a l  und e r s t o ry 
p roduc t i on wou ld  b e  a b e t t e �  b as e l in e  for eva l uat ing g r az in g  p o t en t i a l  
f o r  t h e s e anima l t yp e s ( F i g . 1 9 ) .  
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De ve l o p me n t  of S toc k i n g  Ra te s 
F o r a g e  r e g r e s s ion mode l s  ( F ig . 2 0 - 2 6 ) can be us ed c o  d e r ive exp e c t ed 
t o t a l  forage by s o i l  and canopy cov e r . Avai l ab l e  f o r a g e  c an b e  
d e t e rm i ned b y  a s s um ing a l e v e l o f  ut i l i z a t ion . Fo r e s t / r an g e  man a g e r s  in 
c h e  B l ack H i l l s N a c ion a l  F o r e s e cyp i ca l l y man a g e  wood l and g r az ing s it e s  
f o r  3 0  t o  4 0% u t i l iz a t i on . S t e ep c o po g r ap hy , l ack o f  w a t e r  deve l opment , 
dens e t imb e r  c au s ing inacc e s s ab i l i cy , and f en c ing s chemes c aus e r educed 
l iv e s t ock u s e on wooded s i t es c omp a r ed c o  non - f o r e s t s o i l s . I n i t i a l  
s t o c king ra t e s . on  s o i l s  w i t h  3 0� and 40% u t i l i z at ion at  f o u r  l ev e l s  o f  
canopy cove r a r e  s ugge s t ed i n  Tab l e  1 6 . Fo r age p roduc c ion at  open , 
s p a r s e , mod e rat e ,  and dens e cano p i e s  w e r e  caken f rom r e g r e s s ion mode l s  
at  0 ,  1 2 , 3 7 , and 5 5 � c o v e r , r e s p e c t i v e l y . Toc a l  f o r ag e  v a l ue s  f rom 
F ig . 2 0 t hrough 26 w e r e  d i v ided by 340 kg/ an ima l un i c  month 1 0 to conv e rt 
p roduc t i on in c a  AG�f ' s  p e r  h e c c a r e . S i n c e  t h e s e va l ue s  b e come ext r em e l y  
s m a l l ,  s t o c k in g  r a t e s  a r e  r e po r t ed by us i n g  c h e  r e c i p r i c a l , o r  h e c t a r es 
p e r  AUM . 
S t o c k in g  rat e s  on s out h a s p e c t s  o f  P a c t o l a  s o i l s  a r e 70% 
g r e a t e r  t h an no r t h  a s p e c c s  at o p en and s p a r s e c anopy cov e r s  ( Tab l e  1 6 ) . 
As c anopy i n c r e as e s , t h i s  d i f f e r ence is r e du c ed s in c e  p ro du c t ion 
d e c r eas e s  mo r e  r ap i d l y  on s outh t han on no r t h  as p e ct s . Und e r  open t o  
s p a r s e  cove r c l as s e s , s t oc k ing rat es o n  Trebo rs  and Vanoc k e r s  a r e  ne a r l y  
t h e  s ame a s  P a c t o l as ( N )  wh i l e  S awdus t s  h ave l ow e r  s t o c k ing r at es t h an 
Vanock e r s . I n  m e t amo r p h i c  r e g ions whe r e  P a ct o l a  s o i l s  w e r e  d i f f e r ent i -
1 0 One an ima l un i t  mon th ( AC� ) is  equ i va l ent to the d ry w e i ght 
cons umpt ion of f o r a g e  by a 5 5 �  kg mature cow ove r a one month 
p e r iod . 
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Tab le 1 6 . Sugges t ed ini t ial s tocking rates on soils  at two leve ls 
o f  ut i li z a t ion (adap ted from Fig . 20-26 ) . 
40% UTILIZATION 
Canopy Cover Class 1 
Soil Open Spar se Moderate Dense 
ha /AUM 
Pac tola (N ) 1 . 3  1 . 6  2 . 8  5 . 7 2 
Pac t o la ( S )  . 7 9 1 . 0  2 . 4  o . o  
Vir kula . 5 2 . 6 4 1 . 3 3 . 3  
S tovho . 5 2 . 6 5 1 . 3  3 . 8  
Trebor 1 . 4  1 . 7  3 . 0  5 . 7 2 
Vanacker 1 . 4 1 .  7 4 . 3 2 0 . 0  
Sawdus t  1 . 6  2 . 1 6 . 5 2 0 . 0  
30%  UTILIZATION 
Pact o la ·(N) 1 . 8  2 . 2  3 . 8  7 . 6 2 
Pac to la ( S )  1 . 0  1 .  3 3 . 2  0 . 0  
Vir kula . 7 0 . 85 1 . 7  4 . 4  
Stovho . 7 0 . 8 7 1 . 7  5 . 0  
Trebor 1 . � 2 . 3  4 . 0  7 . 6 2 
Vanacker 1 . 8 2 . 3  5 . 7 2 0 . 0  
Sawdus t  2 . 2  2 . 8  8 . 7 2 0 . 0  
1open = 0% cover , sparse 1 - 2 5 %  cover , modera t e  = 2 6- 5 0% cover , 
dense = over 5 0% cover , with values read at 0 ,  1 2 , 3 7 , and 5 5 %  
cover , respec tively . 
2Produc t ion read a t  this canopy cover is  be low the minimum thres­
ho ld and s tocking is  not recommend ed . 
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a � e d by as p e c t , s � o c k in g  rat es mus t be ave r aged when a c c e s s ing P a c t o l a  
mapp ing un i t s . H i ghe s t  s t ocking r a t e s  a r e  fo und o n  3 t ovho and V i rku l a  
s o i l s  throughout a l l  c anopy cove r  c l as s es . N o  s t ock ing i s  r e commended 
on mo s t  s o i l s  w i t h  d e ns e c anopy cov e r s  s in c e  p roduc t ion i s  b e l ow m inimum 
for ag e  � h r e s ho l d s . 
C omp a r i s ons b e :w e en 3 0 °; and 4.0�� ut i l iza t ion o f  fo r ag e  ( Tab l e  
1 6 )  demo ns t r at e s t h a t  much l ow e r  s t ack ing r a t e s  a r e  n e eded when man a g i
_
ng 
for on l y  1 0% l e s s u� i l i z a � ion . F o r  examp l e , on  P ac t o l a  ( N )  s o i l s w i t h in 
t h e  mode rat e c anopy cover c l as s , one �ow ( 1  ADM ) wou l d  r e qu i r e 14 
h e c� ar es ov e r  a f ive mon t h  g r az ing s e as on a� 40�� u t i l i zat i o n  and 1 9  
he ct ar es a t  3 0% . O th e r f o r age l eve l s  and s � o ck ing r at e s  c an b e  
de t e rm ined , d e p e nd ing on wh i ch s eas ona l p r ec ip i � at ion v a l u e , c anopy 
cove r , and ut i l i z a t ion va l u e  i s  us ed i n  Tab l e  1 1 .  
A p p l i c a t i o n  
Av a i l ab l e  f o r age and s u gg e s t ed in i t i a l  s t o c k in g  r a� e s o n  g r az in g  
a l l o�ment s i n  t h e  B l ack H i l l s c an be  de t e rm i n ed us ing � h e  f o r ag e  
p roduc � ion mode l s  and �C S S  maps cov e r ing t h e  g r az in g  a l l o �ment . I n  t h e  
fo l l ow in g  examp l e , t h e Go rdon Gu l ch g r az ing a l l o tmen�  l o c a � ed i n  t he 
Harney D i s t r i ct o f  t he B l ack H i l l s Na� iona l Fo re s t w as us ed t o  
i l l us t r a t e  app l i cat i o n  o f  � h i s  s �udy . 
The a l l o �men� bounda ry was s u p e r impo s ed on t h e  t en � at i v e  s o i l s  
o f  the a r e a  ( F i g . 2 i ) .  A r e as o f  each map p ing un it we r e  de � e rm in ed us ing 
a dig i � a l  p l ani me t e r but a c a l ib r a t e d  dot g r i d  wou l d  a l s o  s u f f i c e . 
� \ 
C U LT U R A L & WA T E R  F E AT U R E S  
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( tee Table  1 7 )  
0 I K M  
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Fi gure 2 7 . Go rdon Gulch Graz ing Al l o t men t in Bl ack l l i l l s , includ ing ten t a t ive 
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Pact o l a  and V i rku l a map un i t s  dom in a t e  t h e 1 2 0 8  h e c t a r e  a l lotment . 
Mapp ing un i t  inc l us ions cons i s t  o f  non - f o r e s t  s o i l s  ( C o rd e s ton , 
B u l l f l at , and M a r s hd a l e ) , o t h e r f o r e s t  s o i l s  ( B us ka and Mocmon t ) ,  and 
non - s o i l  a r e as ( Tab l e  1 7 ) . I n c lus ions o f  f o r e s t  s o i l s  w e r e  comb ined 
w i t h  P ac t o l a s s in c e  t hey a r �  s im i l a r . I n c l us ions o f  non - fo r e s t  s o i l s 
w e r e  comb ined w i t h  the on l y  non - fo r e s t  s o i l mapp ing un i t  ( Co rd es ton ) . 
G r e at e s t  a r e as w e r e  w i t h i n m a p p ing u n i t s  4 2£ a nd 4 1 F , G ( P a r t  A 
o f  T ab l e  1 7 ) . S l o p e s ove r 40� a r e  uns u i c a b l e f o r  l ives tock , thus 
e l im ina t ing mo s t  of un i t s 4 1 F and 4 1 G f rom cons id e r a t ion f o r  g r az in g 
po t e n t i a l . How e v e r ,  inc l u s ions  o f  Co rde s t ons are  cons ide r e d  s in c e  t hey 
are  non - fo r e s t  s o i l s  d eve l op ed in s wa l e s , me adows , and d r a inageways , 
wh i ch cou l d  b e  a c c e s s i b l e  t o  l i v e s t o c k . App rox imat e p e rcent ages o f  each 
maj o r  s o i l ( V i rku l as and P a c t o l as )  w e r e  t hen us ed t o  d e t e rm in e  a r e as o f  
e ach s o i l  i n  each map un i t . No n - fo r e s t s o i l s  w e r e  poo l ed and t ab u l a t ed 
(Tab l e  1 7 - P art C ) . F o r t y  f i v e  p e r c e n t  o f  t h i s  a l l o t m e n t  i s  uns u i t ab l e  
f o r  l i ves t o c k  d�e t o  s t e e p s l o p e s  and / o r  non - s o i l  a r e a s  ( Tab l e  1 7 - P a r t  
D ) . o f  t h i s  a l l o tment is  uns u i t ab l e  fo r l i v e s t o ck d u e  t o  s t e e p  s l op e s  
and/ o r  non - s o i l  a = e as . I n  P a r t  E ,  a r e as o f  e a c h  s o i l  we r e  mu l t ip l i e d  by 
f o r age v a l ue s  t ak e n  f rom fo r age mod e l s  for ?ac t o l as and V i r ku l as at 3 0% 
c anopy ( F ig . 2 0 - 22 ) . S i l v i cu l tu r a l  management in t h e  B l ack Hi l l s by t h e  
USFS t yp i c a l l y p r o duc e s  bas a l  a r eas o f  6 0  s q . f t . / a c r e . Th i s  c onve r t s  t o  
app r oxima t e l y  30� canopy c o v e r  ( F i g . 7 ) . Ar e as o f  P a c t o l as � e r e  s p l i t  
i n  ha l f  t o  inco rpo r a t e  P a c t o l a  ( N )  and P a c t o l a  ( S )  mode l s . D iv i s ion by 
3 4 0  k i l og r ams p e r A C� p r oduc ed t o t a l  AUMs for  V i rku l as and P a c t o l as . 
Non - fo r e s t s o i l  f o r age y i e l ds w e r e  not m eas u r ed but wou l d  b e  exp e c t ed t o  
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Tab le 1 7 .  Gr�z ing p o t en t ial app l icat ion worksheet for t he Gordon 
Gulch Graz ing Allo tment (USFS ) . 
Location : Predominant ly in T l S , R5E ,  Penning ton County . . 
Land area : 1 2 08 ha . 
Part A 




4 1 G , F  
Soi l  Legend 
ha 
3 7  
5 5  
649  
4 6 7  
% s l ope 
2- 1 0  
2- 1 5  
1 0-40  
40- 8 0  
% Maj or Soils  
85%  Cordeston 
5 0% Virktila 
3 5 %  Pac t o la 
5 5 %  Pac tola 
2 0% Virkula 
15 % Rock Outcrop 
45% Ro ck Outcrop 
40% Pac t ola 
% Inclus ions 
1 5 %  Bul l f la t , 
Pac t o la , and 
Mar shdale 
1 5 %  Buska , Cor­
d e s t on , and 
Mocmont 
1 0% Buska , Cor­
des ton , and 
Mocmon t  
1 5 %  Buska , Cor­
des t on , and 
Mocmont 
Par t B Mapping Uni t Compo s i t i on Comb inat ions 




4 1 G , F 
Comp o s ition and So il 
non- forest  soils (not inves t igated )  
S O %  V irkulas 
3 5 %  Pac to las + 1 0% inc lusions s imi lar to  Pac to las 
5 %  non- f ores t soils (Mo llisols ) 
5 5 %  Pac to las + 5% inc lus ions similar to Pac tolas 
20% V irkulas 
1 5 %  unsui tab l e  -for graz ing lives t ock 
5 %  non-fores t soils  (Mo llisols ) 
9 5 %  unsui tab le for graz ing lives t ock 
5% non- f ores t soils  (Mo llisols ) 
Par t C Tabulat ions 
Uni t 42C  . s o X 5 5  28  ha Virkulas 5 5  X . 05 3 ha non-f ores t 
. 45 X 5 5  2 5  ha Pac tolas 
Uni t 4 2E . 60 X 6 4 9  3 8 9  ha Pac tolas 649 X . 05 3 2  ha non- fores t 
. 20 X 6 4 9  - 1 30 ha Virkulas 
(cont inued ) 
Tab le 1 7 . (cant . )  
Par t C (cont . )  
Un i t  40B (no f o r e s t soils cons idered ) 
Unit 4 1 G , F . OS X 46 7 = 2 3  ha non- f ores t 
Part D Hec tarage To t a l s  
Virkula s oi l s  
Pac t o la and s imilar s o i l s  
Non- f o r e s t  s o i ls (Mo l lisols ) 
Unsui t ab le t o  graz ing 
total 
Par t E AUM Ca lculat ions by S o i l  
158  h a  
414  ha 
95 ha 
54 1 ha 
1 208 ha 
3 7  ha non- f o r es t  
As sump t i ons : No rmal rainfall dur ing May-June , 3 0% overall c anopy 
c over on fores ted s oi ls , � of Pac tola hec t arage is 
nor th a s p ec t , and � i s  s outh aspec t .  
Virkulas = 1 58  ha X 880  kg/ha = 409 AUMS 
3 40 kg /AUM 
Pac tolas ( S )  
Pac tola s  (N)  
2 0 7  ha X 5 0 0  kg / ha 
340 kg /AUM 
2 0 7  ha X 3 5 0  kg / ha 
340 kg /AUM 
304 AUMS 
2 1 3  AUMS 
non- for e s t  s o ils 95 ha X 1 6 3 0  kg /hal = 455 AUMS 
340 kg/AUM 
g rand to tal 1 3 8 1  AUMS 
Part F S t oc king Ra t e s  
1 2 2  
1 .  As sume 5 0 %  u t i li z a t ion on non- f or e s t  s o i l s 
2 .  As sume 3 0 %  ut ilizat i on on fores t soils  
3 .  Over a 5 month graz ing season , 1 0 1  
ma ture c ows cou ld graze the allo tment . 
455  X . 5  
9 2 6  X . 3  
to t a l  
2 28 AUMS 
2 78 AUMS 
5 06 AUMS 
!Non- fo res t s o i l s  und e r  open canopy . Produc t ion a s s umed t o  equa l 
Virkulas a t  0 %  cover . 
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m a t ch o r  e x c e ed V i rku l a  y i e lds at 0� cov e r . The r e f o r e , o p e n - c ano p i e d  
forage y i e l ds w e r e  us ed f rom t h e  V i rku l a  mode l f o r i l l us t r a t ive 
purp o s e s . I n  t h is a l l o tment , 9 2 6  A�Ms a r e  p re d i c t ed a t 3 0% c ov e r  fo r 
a l l  fo r e s t  s o i l s whi l e  4 5 3  AUNS w e r e  e s t ima t ed f o r  non - fo r e s t s o i l s . I f  
3 0% u t i l iz at ion i s  de s i r e d on f o r e s t s o i l s  and 3 0� on n on - f o r e s t s o i l s , 
ava i l ab l e  AUMs a r e  2 7 8  and 2 2 8 , r e s p e c t ive l y . O v e r  a f ive m o n t h  g r az in g  
s ea s on , 1 0 1 m a t u r e  cows cou l d  b e  s t o c k ed a l l o tment . 
Th e Go rdon Gu l c h a l l o t ment , s im i l a r  t o  many o t h e r  a l l o tmen t s  in 
the  B l ack H i l l s , is  s p l i t  into pas t u r e s . D e f e r re d  rot a t i o n  w i th a f iv e  
month g r az ing s e as on i s  u s ed i n  t h i s  a l l o t m e n t , a s  w e l l  as m any o t h � r  
a l l o tm e n t s  at l ow e r  e l e v a t ions ( f r i g i d  s o i l t emp e r at u r e  zon e )  
( CS F S - p e r s on a l commun i c at ion ) . A t  h i gh e r  e l ev a t i o n s  ( c ry i c s o i l  
t emp e r atur e zone s ) ,  r e s t - ro t at i on w i t h l es s  t han four mont h  g r a z i n g  
s e as ons a r e  t yp i c a l s in c e  gr ow t h in i t i a t ion and p l an t  m a tur i t y i s  l a t e r  
i n  t he c ry i c  t han t h e  f r i g id z o n e s  ( GS F S - p e rs on a l commun i c a t ion) . The 
t e rm ' t r ans i t o ry r ange ' i s  u s ed b y  t h e  U S FS to d e s c r ib e  fo r e s t ed s i t es 
wh i c h  a r e  no t cons i d e r ed when mak ing av a i l ab l e  f o r age e s t im a t ions and 
st ocking r a t e  gu ide l i n e s . P rop e r  t imb e r  management wou ld a l l ow t h e s e 
s i t es t o  be inc l ud ed in g r az ing managemen� . O t h e r  f a c t o r s  inhib i t ing 
u� i l i z a t ion of wood l and g r az in g  s i t e s  s uch as l a ck o f  wat e r  d e ve l opment , 
fenc i ng s chemes , and n a t ur a l b a r r i e rs wou ld requ i r e  adj us t m e n t s  in 
s t o ck ing r a t e s  o r  s i t e  mod i f i c a t ions to  make the fo r ag e  r e s o u r c e  
av a i l ab l e . 
Fo l l ow in g  pub l i cat ion o f  the NC S S  f o r  C u s t e r and Penn ingt on 
C ount i e s - B l ac k  H i l l s  P a r t s , s o i l  m a p s  c an b e  u s ed on o t h e r  f o r e s t ed 
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graz ing a l l o tmen t s  as i l l us t r a t ed . I n  add i t ion to g r az ing p o t ent i a l f o r 
cat t l e  and/ o r  s h e ep , s e as ona l fo rage v a l u e s  c an a l s o b e  p re d i c t ed f o r  
w i l d l i f e . 
I f  c anopy c ov e r  approximat ions p r e s ent p r ob l ems , updat e d a e r i a l  
pho t ography o f  a l l o t m en t s  o r  o t he r a r e a s  o f  in t e r e s t  can b e  u s ed t o  
eva l uat e c ov e r . Th e us e o f  dens i t ome t e r s  may b e  o f  gr e at va l u e  to 
de t e rm in e  dens i ty of t r e e s  in a g i v e n a r e a . Random p l ac emen t  o f  this 
ins t rument acro s s  a d e f i ned a r e a  wo u l d p roduce r e f l e c t ance r ead ing s 
wh i ch cou l d  b e  ave ra ged fo r an o v e r a l l  re f l e c t an c e  v a l ue . Th i s  va l ue 
cou l d  be d i r e c t l y r e l at e d t o  dens i ty . P r e l im inary ( one - t im e ) c o r r e l a ­
t ion w i t h  g round t ru t h  dat a cou l d  t h e n  t r ans l at e  t h i s v a l u e  t o  canopy 
cove r . 
As d emon s t r a t ed in t h e  Go rdon Gu l ch A l l o tment , non - f o r e s t s o i l s  
whi ch oc cupy m ino r p e r c en t a ge s  o f  a l l o tmen t s  a c count fo r a l a rge 
p r o po rt ion of the ava i l a b l e  AU�s . How eve r ,  und e r p rop e r l iv e s t o c k  
d i s t r ibut ion a n d  t imbe r  management , a l a r ge p ro p o r t ion o f  ava i l ab l e  AG�1s 
is a l s o con t r ibut ed by fo r e s t s o i l s . �on - inve s t i g at ed f o r e s t s o i l s  in 
t he B l ack H i l l s cou l d  be inc o rp o r a t ed in to mode l s  d e v e loped in t h is 
s tudy i f  s o i l  p ro p e rt i es , l ands c ap e po s i t ion , and c l imat i c  z ones a r e  
comp arab l e .  S in c e  a l a rge a r ea o f  t h e  B l ack H i l l s  n o r t h  o f  the r eg ion 
inve s t igat ed r e c e ives h i ghe r l e ve l s  of  p r e c ip i t at ion , c aut ion mus t b e  
exe r c is ed i f  ext r apo l a t ing y i e l d  data from t h i s  s tudy . S im i l ar 
und e r s t o ry p rodu c t ion s tud i e s  may b e  r equ i r e d  in t h o s e ar e as . 
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S U MMA R Y  A N D  CON C L U S ION S 
Un de rs t o ry p roduc t ion and compos i t ion on s ix maj o r  f o r e s t s o i l s 
w i thin two g eomo rp h i c  r e g i ons o f  the  B l a ck H i l l s part o f  C u s t e r  and 
P enni�gton C o un t i e s , S o u t h  D a ko c a  w e r e  i n v e s t i g at ed o v e r  a two y e a r 
p e r io d . S o i l s  va r i e d  in p a r e n t ma t e r i a l , t opog r ap hy , t ime o f  deve l op -
ment , c l im at e , and b io t a . 
S o i l  cha r a c t e r i z a t i on d a t a  r e v e a l ed con t r as t ing pe do l o g i c 
d i f f e r en c e s  w i t h in r e g ions and b e twe en r eg i ons . S o i l s in t h e  C en t ra l  
C rys � a l l in e  Zone we r e  in t h e  f r ig i d s o i l t empe r ature  r e g im e  and 
deve loped f rom m e t amo rph i c  mat e r i a l . So i l s on b acks l o p e  and s hou l d e r  
p o s i t ions w e r e  Lo amy - s ke l e t a l , mixed , Typ i c  E ut robo r a l f s  ( P ac t o l a  
s e r i e s ) wh i l e  s o i l s  on foo t s l op e s  w e r e  F in e , montmo r i l l on i t i c , Typ i c 
Eutrobo ra l fs ( V i r ku l a  s e r i e s ) . 
The Limes c o n e P l a t e au cont a ined s o i l s deve l op ed f rom l im e s tone 
at h ighe r e l eva t ions ( c ry i c s o i l t emp e r a � u r e  r eg ime ) and s andy l i m e s t on e  
at l ow e r  e l ev a t i ons ( f r ig i d  s o i l  t emp e r at ur e r eg i m e ) . I n  t h e  c ry i c 
r eg ime , s o i l s on b a cks l o p e s  and s hou l de r s w e r e  C l ayey - s ke l et a l , m i x e d , 
Typ i c  C ry o bo r a l f s ( T r e bo r  s e r i e s - t ax a j u nc t )  whi l e  s o i l s  i n  foo t s l o p e s 
w e r e  F in e , montmo r i l l on i t i c , Typ ic C ryo b o r a l f s ( S c ovho s e r i e s -
t ax ad j un c t ) .  F r e e  c a l c i um c a r bonat e s w e re p r e s ent b e l ow the s o l um in 
bo t h  . , S O l. .!. S . I n  t h e  h i gh l y d i s s e c t e d f r i g i d  r e g ime , m aj o r  fo r e s t  
w e r e  deve loped o n  b acks l op e / s ho u l d e r  po s i t ions . Foo t s l o p e s  w e r e  
s o i l s 
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f requent l y  non - fo r e s t ed . Loamy - s k e l e t a l , m ix ed , Typ i c  E u t robo r a l f s 
( Vanac ke r  s e r i es - r e c l as s i f i ed )  o c cu r red on n o r t h  a s p e c t s  wh i l e  
Lo amy - s k e l e t a l ,  m ixed , ( ca l c a r eous ) ,  f r i g i d  Typ i c  Us c o r t he n t s  ( S awdus t 
s e r i e s - p ropo s ed )  w e r e  found on s o ut h  as p e c t s . Mos t c a r b on at e s  w e r e  
l e ached f r om t h e  a rg i l l i c ho r izon on Vanocke rs wh i l e  t h e  l es s - d e v e l o ped 
S awdus t s o i l s w e r e  ca l c a r eo u s  to the s u r f a c e . 
Us ing mu l t i p l e r e gr e s s ion mode l ing t e chn iqu e s , v a r i ab i l i ty in 
unde r s t o ry p r oduc t i on ove r bo t h  ye a r s was s t rong l y  exp l a in e d  by 
d i f f e rences in c anopy cov e r  and s o i l � . D i f f e r ent s o i l s  c o n s i s t ent l y  
ent e r e d  i n t o  a l l y i e l d  mode l s  t o  s ign i f i c ant ly imp r o v e  ( P< . l O )  the e r r o r  
s um o f  s qu a r e s . I n t e r a c t ions b e tween canopy cov e r  and s o i l s  furt h e r 
imp rove d  the c o e f f ic i e nt o f  de t e rm inat ion f o r  a l l y i e ld comp o n en t s . 
S ign i f i c ant d i f fe r e n c e s  in p roduct ion b e tw e en s o i l s i nd i c a t e d  
pa t t e rns o f  p r oduc t i on d i f f e r en c e s  and s im i l a r i t i e s  ove r t h e  two y e a r s . 
Foo t s l op e , non - s ke l e t a l  s o i l s g e n e r a l l y p r oduced mo r e  g r am ino i d s  t han 
o t h e r  s o i l s . F o r b  p rodu c t i on d i f f e r en c e s  among s o i l s w �� e  no t hi g h l y  
con t r a s t ing comp a r e d  to g r am inoi d o r  s h rub d i f f e r enc e s . Two s ke l e t a l  
s o i l s , P ac t o l as o n  no r t h  as p e c t s  and Trebo r s , p rodu c e d  muc h h i gh e r s hrub 
y i e l ds b o t h  y e a r s  t h an any o t h e r  s o i l . Chan g e s  in canopy c o v e r f..sr� l J 
____._ __ _ ,_ �- - .,_ - .... .,. Of ... 
o t h e r  s o i l s  exp l a in e d  l i t t l e var i at ion in s h =ub y i e l ds . C ry i c  ·-----
s ed iment ary s o i l s w e r e  much mo r e  p =oduc t i ve than f r ig id s ed ime nt ary 
s o i l s  when av e r ag ing p roduct iv i t y  o f  s o i l s  w i t h in r e g ions at 0% c anop y  
cover . F r i g i d  me t amo rph i c and c ry i c  s ed im e n t a ry s o i l s  w e r e  s im i l ar in  
p roduc t ion . 
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Long - t e rm mu l t ip l e reg r e s s ion y i e l d mode l s  were deve l o p ed which 
comb ined y i e l d p r ed i c t i o n  mode l s  f o r  bo t h  years  us in g independent 
v a r i ab l es of s o i l s , c anopy cove r , s o i l - b y - cov e r  int e ra c t ions , and a 
� ay - June p r e c i p i t at ion t e rm .  P r ed i c t ed y i e l ds dur ing y e a r s  w i th no rma l  
M ay - June p r e c i p i t at ion w e r e t hen d e r ived f o r  e a ch s o i l . H i gh e s t  
y i e l d in g  s o i l s in t h e  l ong - t e rm he r ba ge ( g r am ino id + f o r b ) r e gr e s s i on 
mode l w e r e  S t ovho s and V i rku l as wh i l e l owes t y i e l d in g  s o i l s  we r e  
S awdus t s . Long - c e rm h e rbage and g r arn ino id mode l s  s e rv ed as a bas e l in e  
fo r p r ed i c t ing f o r a g e  p ro duct i on . 
Unde r s t o ry vege t a t ion was r ic h  in d iv e r s i t y  acros s s o i l s and 
reg ions . Coo l - s eas o n  s p e c i es dom inated c h e  g r am in o id componen t  o f  mo s t  
s o i l s . �aj a r  w a rm - s e a s o n  components w e r e  found p r ima r i l y on s ou th 
as p e c t s  in t he f r i g i d  s ed imen t a ry zone ( S awdu s t s o i l s ) . A l t hough many 
gram ino ids w e r e  ident i f i ed ac ros s each s o i l , few w e r e  found in maj o r  
p ropo r t ions w i t h in t h e  t o t a l  unde r s t o ry . A l a rge numbe r  o f  t o t a l  forb 
s p e c i e s  were  ident i f i ed ac ros s s i c es but mos t cont r ibu� ed o n ly t r aces t o  
t he unde r s t o ry compo s i t ion . Th e s ma l l  num b e r  o f  s hrub s p e c i e s  p r ov ided 
imp o r t an t  s o i l - vege t at ion r e l a� ions h i p s  on s ome s o i l s . I n  g en e ra l , 
g r am ino ids w e r e  mo s t  s ens i t i ve c o  inc r e as es ii c anopy cover wh i l e  s hrubs 
were l e as e s ens i t ive . 
A p r e d i c t e d  fo r ag e mode l was deve loped f o r  l i v e s t o c k  ( s p e c i f i -
ca l ly cat t l e )  f rom a l ong - t e rm he r b age p roduct ion mode l .  A l l  g r am ino i ds 
and p a l at ab l e  fo rbs w e r e  cons ide r ed as fo rag e . S c ovho and V i r ku l a  s o i l s _____ ___. _ .. -· - l---�-. -·-·---· 
r anked h ighe s t  in  f o r age p roduct ion . P ac c o l a  ( N ) , T r e b o r ,  V anacke r ,  and 
S awdus t s o i l s we r e  s im i l a r to e ach othe r in p roduc� ion but much l ow e r  
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t han S t ovho and V i r ku l a  so i l s . P a c t o l a  ( S )  so i l s w e r e  int e rm e d i a t e  in 
'"'--� 
for age p roduct ion b e tween t he two e x t r emes . 
P r ed i ct ed ava i l ab l e forage f o r  purpo s e s  o f  l and management was 
demons t rat ed by s up e r impos ing t en t a t ive s o i l  mapp ing un i t s  f rom the 
Nat ion a l  Coope r at iv e S o i l  S u rv e y  on t o  a graz ing a l l o tm en t . Know l edge o f  
s o i l s p r e s ent , s l o p e  c l as s , and c anopy cover c an p rov ide gu i d e l in es f o r  
inc l u s ion o r  exc l us ion o f  o t h e r s o i l s in t h e  B l ack H i l l s t o y i e l d  mode l s  
o f  so i l s  inve s t i g a t e d . Howeve r ,  caut ion mus t be  exe r c i s ed w h e n  
ext r apo l a t ing mode l s  to s o i l s  and m�pp ing un i t s in o t h e r a r e as o f  t h e  
B l ack H i l l s  hav ing cont ras t in g  p r e c i p i t a t ion to che a r e a  inve s t i g at e d . 
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t h e  pond e r o s a � r e g ion o f  A r i z on a . J .  R an g e  �1an a g e . 1 3 : 2 1 4 - 2 1 5 . 
C u r r i e , P at 0 . , D .  W .  R e i c h e rt , J .  C .  Ma l e c h e k , and 0 .  C .  Wa l lmo . 
1 9 7 7 . F o r age s e l e c t i o n  como a r i s cns f o r  mu l e  d e e r  and c att l e  und e r  
m a n aged o o nd e ro s  a o i n e . J .  Range �f an a g e . 3 0 : 3 5  2 - 3 5 6 .  
D a r t on , N .  H .  , and S .  ? a i g e, .  1 9 2 5 . G e o l og i c at l a s o f  t h e  Un i t ed 
S t a � e s , C e n t r a l  B l ack H i l l s fo l i o �o . l 9 .  U . S .  Ge o l . S u rv . , 
W as h i n g t on , D . C .  
D au b e nm i r e , R .  F .  1 9 5 6 . The u s e o f  v ege c a t i o n  � o  ind i c a t e  gr az ing 
p o t ent i a l s  o f  f o r e s t  l and . S o c . Am e r . F o r e s t . Pro c . 1 9 5 5 : 3 5 - 3 6 . 
1 3 0  
D i lwort h , J .  R . , and J .  F .  B e l l . 19 7 2 . Var iab l e  o r ob ab i l i tv s amp l ing 
� v a r i ab l e � and t h r e e - P .  � po cket book . O . S . U .  B ook S t o r es , 
I nc . , C o rva l l is � O r . 1 2 9  p .  
Eh r en re i ch , John H . , and John S .  C ro s by . 1 9 6 0 . H e rb age p roduct ion a s  
r e l a t ed t o  hardwood crown cove r . J .  Fo r e s t . 5 8 : 5 64 - 5 65 . 
F e l dman , R .  M . , and R �  A .  H e im l i ch . 1 9 8 0 . Th e B l ack H i l l s . 
K enda l l / Hun t Pu b l . , Dubuque , I A . 1 9 0 p .  
F fo l l i o t t , P e t e r  F .  and W a r r e n P .  C l a ry . 1 9 7 5 . D i f f e r ences in 
h e rbage - t imb e r  r e l a t ions h ip s o n  s ed imen t a rv and igneous s o i ls in 
Arizo n a  ponde r o s a  pine s t ands . P rog . A g r i c . A r i z . 2 7 : 6 - 7 . 
Ga ins , E .  F . , Rob e r t  S .  C amp b e l l ,  and J .  J .  B r as ingt o n . 1 9 54 . F o r age 
o roduct i o n  on l o ngl e a f  p i n e  s t ands o f  s ou t h e rn A l a b ama . E co l . 
3 5 : 5 9 - 6 2 .  
G l enden ing , G e o rge E .  1 9 44 . Some f act o rs a f f e ct ing c at t l e  u s e o f  
no r t h e rn Ar izon a pi ne - bun chgr a s s  r ange s . USDA Fo r es t  S e r v . SW 
F o r e s t and Range Exp . S t a . R e s . Rep . 6 .  9 p .  
H a l l s , Lowe l l  K .  1 9 5 7 . G r az ing c ao a c i ty o f  w i r egr as s - p ine ranges o f  
Ge Q rgi a . J .  Range Manage . 1 0 : 1 - 5 .  
H a l l s , Lowe l l  K . , and Jos eph L .  S chus t e r . 1 9 65 . 
r e l at ions i n  p in e - h a r dwood f o r e s t s  o f  Texas . 
6 3 : 2 8 2 - 2 8 3 . 
T r e e - h e rb age 
J .  Fo r es t . 
H a r r i s , Rob e r t  W .  1 9 5 4 . 
ponde r o s a pine r an g e s 
7 : 25 0 - 25 5 . 
F l uc t uat ions i n  f o r age ut i l i z a t ion on 
i n  e a s t e rn O r egon . J .  Range Manage . 
Hayd en , F .  W .  1 8 6 3 . F in a l reoo r t . T r ans . Am . Ph i l . S o c . , N . S .  1 2 . 
P art I .  Ph i l i de l p h ia . 
Ha�vard , He rman E .  1 9 2 8 . S tud i e s  o f  p l an t s  in  t h e  B l ac k  Hi l l s o f  
South D ako t a .  B o t . Gaz . 8 4 : 3 5 3 - 4 1 2 .  
He dr i ck ,  D .  W . , J .  A .  Youn g , J .  A .  B .  McArthur , and R .  F .  K e n i s t o n . 
1 9 6 8 . E f f e c t s  o f  f o r e s t and �r az ing o r act i c e s  on m ixed c on i f e rous 
fo r e s t s  of no r t h e a s t e rn O r egon . O r e g . S t . Univ . Agr ic . Exp . S t a . 
Tech . B u l l .  1 0 3 . 2 4  p .  
Hi l l ,  R .  R . 1 9 4 6 . P a l at ab i l i t v  r at ings o f  B l ack H i l l s p l an t s  f o r  
wh i t e - t a i l ed d e e r . J .  W l d f . Man a g e . 1 0 : 4 7 - 5 4 . 
H i t chcock , A .  S .  1 9 7 1 Manu a l  o f  the g r a s s es o f  t h e  Un i t ed S t a t e s , r e v . 
ed . A .  Chas e , ( e d . ) .  G e n . Pub l . C o . ,  Toront o . 2 vo l . 1 0 5 1 p .  
J ames o n , Dona l d  A .  1 9 6 7 . The r e l at i on s h ip o f  t r e e  ove r s t o ry and 
he rbaceous und e r s t o rv v ege t a t i o n . J .  Range Man ag e .  2 0 : 247 - 24 9 . 
1 3 1  
Ka l ve l s , John . 1 9 8 2 . S o i l  S u rvev o f  F a l l R iv e r  Coun-cy , S ou t h  Dako t a . 
USDA S o i l  C on s . S e rv . and Fo res t S e rv . u . S .  Gov . P r int . O f f . , 
Was h ingt on ,  D . C :  1 9 2  p .  
Lemmon , P au l  E .  1 9 5 6 . � s phe r i ca l  dens iome t e r  f o r  es t imat ing fo r e s t 
ove rs t o rv dens i t v . Fo r es t S c i . 2 : 3 1 4 - 3 2 0 . 
Lud low , W .  1 8 7 5 . R e conn a i s ance o f  the B l ack H i l l s o f  D ako t a . U . S .  
Eng . D ep t . , W a s h ingt on , D . C .  
�cConne l l ,  Burt  R . , and Jus t in G .  Smith . 1 9 6 5 . Und e r s t o rv r e s po n s e 
three � a ft e r t h inn ing p in e . J .  Range �tan a g e . 1 8 : 1 2 9 - 1 3 2 . 
�kC onn e l l ,  B u r t  R .  and Jus t in G .  S m i t h . 1 9 7 0 . Re spons e  o f unde r s t o ry 
vege t at ion t o  oonde ro s a o in e  th inn ing in e as t ern \{ as h ingt o n . J .  
Range M anage . 2 3 : 2 0 8 - 2 1 2 . 
Mc into s h , A r t hur C .  1 9 3 1 .  A bo t an i c a l s u rvev o f  the B l ack H i l l s o f  
South D ako t a .  B l ack H i l l s Eng . Vo l .  1 9 . 2 7 6  p .  
M c i n t o s h , A r thur C .  1 9 4 9 . A bo t an i ca l s u rv e v  o f  the  B l ack H i l l s o f  
S ou t h  D ako t a . B l ack H i l l s Eng . 2 8 : 1 - 7 5 . 
�1cLe an , A l i s t a i r , and �1 . B .  C l a r k . 1 9 8 0 . G r as s , t r e es , and c a -c t l e  on 
c l e ar cut - l ogged a r e a s . J .  Range Manage . 3 3 : 2 1 3 - 2 1 7 . 
Me l and , A rv i d  C .  1 9 7 9 . S o i l  survey o f  Law r ence C ountv , S o u t h  D ako t a . 
USDA S o i l  C o n . S e rv . and Fores t S e rv .  u . S .  Gov . P r in t . O f f . , 
Was h ington , D . C .  1 7 3  p .  
Mue gg l e r , W a l t e r F .  1 9 6 5 . C a t t l e  d i s t r i but ion on � s l opes . J .  
Ran g e  Manage . 1 3 : 25 5 - 25 7 . 
Mue l l e r - Dombo is , D . , and H .  E l l enbe r g . 1 9 7 4 . A ims and me thods o f  
vege t at ion eco l ogy .  John W i l e y and S ons . , New Yo rk . 5 4 7  p .  
Mye rs , C l i f fo rd A .  1 9 5 8 . Th inn ing imo roves deve l o oment o f  yo ung 
s t ands o f ponde ro s a p in e in the B l ack H i l l s . J .  Fo r es t . 
5 6 : 6 5 6 - 6 5 9 . 
Mye rs ,  C l i f fo r d  A . , and J .  L .  Van D e us en .  1 9 6 0 . S i t e  index o f  
ponde ros a o ine i n  t h e  B l ack H i l l s f rom s o i l  and tonography . J .  
F o r es -c . 5 8 : 5 4 8 - 5 5 1 , 5 5 4 - 5 5 5 . 
Nat ion a l S o i l  S u rvey Lab . 
C o un ty , South D ako t a . 
L inco l n , NE . 5 p .  
1 9 7 9 . Charact e r iz a t ion da� a f o r  Lawrenc e 
P r o j e c t  7 6 S D - 1 0 8C . U S DA S o i l  C o n . S e rv . , 
O l l i l a ,  To iva J .  1 9 7 8 . S o i l  s urvev o f  M e ade County , S out h D akot a ,  
s out he rn o a r t . U S D A  S o i l C on . S e rv . and Fores t S e�C . S .  Gov . 
P r in t . O f £ . , Wa s h in g t o n , D . C .  1 3 7  p .  
1 3 2 
O r r , Howa rd K .  1 9 5 9 . 
CSDA F o r e s t S e rv . 
p .  
P r e c iP i t a t ion and s t r e am f l ow in the B l ack H i l l s . 
Rocky Mtn . F o r e s t and R ange E xp . -st a� - 4 4 . 2 5  
P as e , C h a r l es P .  1 9 5 8 . H e �b age product ion and compo s i t ion under 
immat u r e  pond e ros a p i n e  s t ands i n  the B l a c k  H i l l s . J .  R ange 
�anage . 1 1 : 2 3 8 - 2 4 3 . 
Pas e , C h a r l es P . , and R .  rL Hu r d . 1 9 5 7 . !-Jnd e r s t o ry v ege t at i on as 
r e l at e d  t o  b as a l  a r e a , c rown cove r , and l i t� e r  produ c e d  £y imm a t u r e  
oonde r o s a £i n e  s t ands in t h e B l a.ck H iJJ� .  P r o c . S o c . Ame r . Fo r e s t .  
1 9 5 7 : 1 5 6 - 1 5 8 . 
P as e , Ch a r l e s E . , and Jo hn F .  Th i l e n i us . 1 9 6 8 . C ompo s i t ion , 
p rodu c � ion , and s i t e  f a c t o r s  o f  s ome g r a s s l ands in t h e  B l ack H i l l s  
o f  S outh D akot a . u S DA Fo r e s t S erv . R�I F o r e s t and R ange Exp . S ta .  
RH - 1 0 3 . 8 p .  
P e chan i c , Jos eph F . , and G .  D .  P i c k f o r d . 1 9 3 7 . � we ight e s t imat e 
m e thod fo r the d e t e rm in a t i on o f  rang� o r  pas t u r e  produ c t i o n . J .  
Ame r . S o c . Agron . 2 9 : 8 9 4 - 9 0 4 . 
Ph inney , T .  D e an . 1 9 5 0 . How gra z in� ��-� o f  moun t a in r ange i s  
a f f ect e d � r ange cond i t ion and us a b i l i t v .  J .  F o r . 48 : 1 0 6 - 1 0 7 . 
Pond , F loyd \{ . 1 9 6 1 . B as a l  cov e r and pr oduct ion o f  w eeping l ovegr as s 
unde r  varv ing amo u n t s  o f  s hrub l iv e  oak � cove r . J .  Range 
M anage . 1 4 : 3 3 5 - 3 3 7 . 
P rogu � ske , Dona l d R .  1 9 7 4 .  Y e l l ow o r e , v e l l ow ha i r , v e l l ow o ine . S .  
D ak . S t a t e Un i v . Ag . Exp . S t a . Bu l l .  6 1 6 . 1 3 9  p .  
Pyke , D .  A . , and B .  A .  Z amo ra .  1 9 8 2 . Re l a � ion s h ips b e tw e en o v e rs t o ry 
s t ru c t u r e  and unde r s t o rv produ c t ion in t he grand f i r j mv r t l e  boxwood 
h ab i t a t t vo e  of n o r t h - c ent r a l  I daho . J .  Ran g e  �1anag e .  3 5 : 7 6 9 - 7 7 3 . 
Radeke , R .  E . , and F r ed C .  we s t in . 1 9 6 3 . G r ay ��ooded s o i l s  o f  t h e  
B l ack H i l l s  o f  S o u t h  D a ko t a .  S o i l  S c i . S o c . Ame r . P ro c . 
2 7 : 5 7 3 - 5 7 6 . 
R ay , A l i c e  A . , ( ed . ) . 1 9 8 2 . S A S  us e rs gu ide : s t a t i s t i c s  1 98 2  ed i t ion . 
SAS I n s t i t u t e I n c . C a r y , NC . 5 8 4 p .  
R e ad , Ra l ph A .  1 9 5 1 .  Wood l and f o r age in the Arkan s as Ozarks . J .  
Range �anag e . 4 : 3 9 1 - 3 9 6 . 
Redden , J ack A .  1 9 6 8 . G e o l ogy o f  the B e rne Quad r ang l e ,  S o ut h  D akot a .  
U . S .  Geo l . S u rv . P ro f . P ap . 2 9 7 - F . � Gov . P r in t . O f f . , 
was h ington , D . C .  
.. . .. .  -· 
1 3 3  
R ichards , L .  A .  1 9 6 5 . Phys i c a l  c ond i t ion o f  wat e r  i n  s o i l . in 





-,- A .  G. No rman , ( ed . ) .  
A c adem i c  P r e s s , · New Yo rk . 7 7 0 p .  
R indt , Char l es A. 1 9 6 4 . � s i l v i cutur i s t  l ooks at gr a s s  and graz ing 
e f f ec t s  on pond e r o s a � - Soc . Ame r . Fo r es t . Proc . 1 9 6 4 : 6 9 - 7 0 . 
Ro g l e r , G .  A . , and H .  J .  Haas . 1 9 4 7 . Range p rodu c t ion as r e l at e d  t o  
s o i l  mo i s ture and pr ec io i t at ion on t h e  No r t h e rn G r eat P l i ins . J .  
Ame r . S o c . Agron . 3 9 : 3 7 8 - 3 8 9 . 
Rydb e r g , P .  A .  l 8 9 6 . F l o r a o f  t h e  B l a ck H i l l s o f  S o u t h  Dako t a . 
Cont r i b . U . S .  �at . H e r b . 3 : 4 1 3 - 5 2 3 . 
S chube rt , G .  H .  1 9 7 1 .  G rowt h r e s pons e o f  even - aged ponde r o s a pines 
r e l a t ed t o  s t and dens i ty l e ve l s . J .  Fo r es t . 6 9 : 8 5 7 - 8 6 0 . 
S eve r s on , K e it h  E . , and Cha r l �s E .  B o l dt . 1 9 7 7 . 
H i l l s fo r e s t own e �s : t imb e r ,  forage , o r  bo th . 
4 : 1 3 - 1 5 . 
Opt ions f o r  B l ack 
Rangeman ' s  J .  
S m i th , L .  F .  1 9 5 5 . Y i e l d  and us e o f  l ongl e a f  pine range . J .  Range 
Manag e . 8 : 5 8 - 6 0 . 
Smo l i ak ,  S .  1 9 5 6 . I n f l uence o f  c l imat ic  cond i t i ons on f o r age 
product ion 9f s ho r tgras s range l and . J .  Range rl anage . 9 : 8 9 - 9 1 .  
S o i l  Survey S t a f f . 1 9 7 5 . So i l  Taxo nomy . USDA A g r i c . Hbk No . 4 3 6 . 
U . S .  Gov . P r in t . O f f . , Wash ing tbn , D . C .  7 5 4  p .  
So i l  S urvey S t a f f . 1 9 7 6 . E s t ab l is h ed s e r i es - Tr e b o r  s e r i e s . N at . 
Coop . S o i l  S u rv ey U .  S .  A .  C . S .  Gov . P r int . O f f . , Was h ington , 
D . C .  
S o i l  S u rvey S t a f f . 1 9 7 9 . E s t ab l is h ed s e r i e s  - S t ovho s e r i e s . Nat . 
C oop . So i l  S u rvey U .  S .  A .  U . S .  Gov . P r in t . O f f . , Was hin g ton , D . C .  
So i l  S urvey S t a f f . 1 9 8 0 . E s t ab l is hed s e r i e s � V i rku l a  s e r i e s . Nat . 
Coop . So i l  S urvey U .  S .  A .  C . S .  Gov . P r int . O f f . , Was h ington , D . C .  
So i l  S u rvey S t a f f . 1 9 8 1 . S o i l  S urvev Manua l ,  Ch ao t e r 4 .  U S D A  S o i l  
Cons . S e �v . C . S .  Gov . P r in t . O f f . , Washington , D . C .  
South D akota S t at e  Un i v e r s i ty S o i l  Tes t ing Lab S t af f . 1 9 8 0 . S D SU So i l  
t e s t ing l ab p r o c edu r e s . ( unpub l is h ed ) . 
S t ee l ,  R .  G .  D . , and . J . H .  T o r r i e . 1 9 8 0 . P r inc ip l e s  and p r o c e du r e s o f  
s t a t i s t i c s . � c G r aw - H i l l  Pub l . ,  New Yo r k , N� . 6 3 3  p .  
Thi l e nius , John F .  1 9 7 1 . V as cu l a r p l an t s  o f  t h e  B l ack H i l l s o f  South 
D ako t a  and ad j a c e nt wyom ing . CSDA Fo r es t S e rv . Res . P ap . Rt1 - 7 1 . 4 3 
p .  
1 3 4  
Th i l en ius , John F .  1 9 7 2 . C l a s s i f i c at i on o f  d e e r  h ab i t at in t h e  
ponde ro s a p i n e  fo r e s t o f  t h e B l ack H i l l; , Sout h D ak o t a� USDA F o r . 
S e rv . R o cky :ft n . F o r e s tand Range E xp . S t a�s .  P ap . RH - 9 1 .  
Thorp , J . , and G .  D .  Sm i t h . 1 9 49 . H i gh e r cat e go r i e s o f  s o i l  
c l a s s i f i c a t i o n : O r de r , s u b o r d e r  and g r e at s o i l  group . So i l  S c i . 
6 7 : 1 1 7 - 1 26 . 
U S DA . S o i l  C ons e r v a t i o n  S e �v i c e . 1 9 7 2 . S o i l  S u rvev L a b o r a t o ry m e t ho d s  
a r. d  p r o c e du r e s f o r  c o l l e c r. i ng s o i l  s amp l e s . So i l  S u rv e y  I n v es t . 
R e p . No . 1 .  U . S .  Gov . ? r i n t . O f f . , W a s h in g t on , D . C .  6 3  p .  
U . S .  Fo r e s t S e rv i c e . 1 9 8 3 . F ina l env i r o nme n t a l  impa c t  s t at emen t , 
B lack  H i l l s N a t i on a l  Fo r e s t .  U . S .  Gov . P r in t . O f f . , Was h ing ton , 
D . C .  
Van B r uggen , Th e o d o r e . 1 9 7 6 . Th e vas cu l ar p l ant s o f S o u t h  D a k o t a . 
I o� a  S t . Gn i v . , A m e s , I A . 5 3 8 p .  
Van Deus e n , J .  L .  1 9 6 8 . P e r i o d i c  gr owt h o f  po l e - s i z e d  ponde ro s a  p in e  
a s  r e l a t e d  t o  t h inn ing a nd s e l e c t ed e nv i r onmen t a l  f ac t o r s .  GS D A  
F o r e s t S e rv . Rocky � t n . Fo r e s t a n d  R a nge Exp . S t a . R e s .  P ap . 
R�1 - 3 8 . 1 � p . 
Wah l e nb e r g , W .  G . , S .  W .  G r e e ne , and H .  R .  R e e d . 1 9 3 9 . E f f e ct s  o f  
f i r e  and c a t t l e  g£az i ng on l on g l e a f  s t ands as s t ud i e d  at �cNe i l l ,  
M i s s i s s in p i . U . S .  D e p t . A g . Te c h . B u l l . 6 8 3 . 5 2 p .  
w i l l i ams . T .  A .  1 8 9 5 . N a t i v e  t r e e s  and s hrub s . S out h Dako t a  E x p . 
S t a . B u l l .  4 3 . B � o o k in g s . 1 2 3  p .  
\-.'a l t e r s , G a l e  L .  1 9 7 3 . S o u t h e rn o in e  o ve r s t o r i e s in f l u e n c e  he rb age 
a u a l i t v . J .  R a n g e  � a n a g e . 2 6 : 4 2 3 - 4 2 6 . 
\-Jo l t e r s , G .  1 .  1 9 8 2 . Lo ng l e a f and s l a s h o i :1 e  d e c r e a s e s  h e r b age 
p roduct i o n  and a l t e r s h e r b age c omnc s i t i o n . J .  R an g e  Manage . 
3 5 : 7 6 1 - i 6 3 . 
wo l t e = s , G .  L . , A .  � a r t in , and H .  A .  P e a r s o n . 1 9 8 2 . Fo r 3 ge r e s oons e 
t o  ove r s t c r v r ecu c t i o� o n  l o b l o l l v - s h o r t l e a f  n i n e - h a rdwoo d  f o r e s t 
r ange . J .  R a n g e  �an a g e . 3 5 : 44 3 - 446 . 
Woods , R .  F . , D .  R .  B e t t e r s , and E .  W .  �o g r en . 1 9 8 2 . Unde r s � o rv 
h e r b age pr o du c � i o n  a s  � func t i o n  cf  � Mount a in a spe n s t and 
dens i ty . J .  Range Manage . 3 5 : 3 3 0 - 3 8 1 . 
Young , J .  A . ,  D .  W .  H�dr i ck , and R .  F .  Ken i s t o n . 1 9 6 i . F o r e s t  cov e r  
and l ogging ..: h e r b age aa� b rm ..· s e p r oduc t io n / 
�n t h: m�:e d  con i f e rous 
fo r e s t o f  n o r t h e a s t e rn O r ego n . J .  F o r e s t . o � : 8 0 ; - 8 1 � .  
A P P E N D I C E S  
A ppe n d i x  A 
Site Locations 
1 3 7  
Table 1 .  S i t (:  l o c a ti on s . Tho:: P. l a c k  lii l l s  Na t i on:J l F o re s t  :'-:ap v i  South Dako t a / Wyoming ( U . S .  
F o re s t  S e rv i c e  1 ':i 7 Z )  i:. use� for l c E; a l  and c u l t u :: al d e s c :- i r t ions . Local cu l t u ral 
f ea t u r e s  a r e  a l s c  us�d . 
S i t es l - 8  are l o c a t e d  eas t o f f Wil l iams D ra w  Koad /r6 9 1 ,  1 . �  k m  f ron1 t h �  intersec tion with 
Sixmile Road 11 30 1 . Legal d e s c r ip tion - SW!< S e c . 3U , T l S , RJE , P enning t L'tl Co . Nc tE: : S tart from 
ca t t le guard , sou t h  s i de of E-W f e nc e . 
S ite Soil 
!fl S t ovho 
n. S t ovho 
ii 3  S t ovho 
#4 Trebor 
It S  Trebor 
#6 S t ovho 
!i 7 S t ovho 
118 Tr e bo r 
Loca t i o n 
U p s l o p t  f rom skla t ra il , a p p ro x . 2 7 5  me tt rs E of roa d .  
Up s lope f rom /r 1 5 nte t e r s  a n d  p 3 ra 1 l .:: l ;  o t h e r  end is 
adj ac e n t  t o  f e nc e .  
D i r ec t l y N up slope f r om U 2  app ro x .  7 0  me t e rs and ac ro s s  
fence . 
U p s lope a nd E of 13 app ro x . 20 me ters . 
Ap p r o x .  1 m e t e r  SE of 114 a n d  63 me t e r s  N o f  f erc c . 
Ten me t e r s  SE o f  11 5  and app rox . 35 me t e rs f r vm f �nc� . 
App ro x .  55 me t � r s  E S E  of 11 6 . T ra n s e c t  end a d j acent 
to f e nc e . 




( N azimu t h )  
2 0  
1 0  
3 9  
1 1  
8 3  
1 !  1 
1 7  
24 1 
S i tes 9- 1 2  a re loca t ed no r t h  of Moo n  Camp gr ound on road lt l l 7 ;  5 km n o r t h  to road ma rked "Dead 
End " go ing m-'. Legal de s c r ip t ion - NW!,; S e c . 2 1 ,  T l S ,  R l E ,  Penning ton Co . 
.§.i te S o il 
119 S tovho 
11 1 0  T r e b o r  
11 1 1  S tovho 
f/ 1 2 S tovho 
N 
I 
Loc a t io n 
App rox . 30 met e rs S of read . 
w on road app rox . 250 me t e r s from � 9 , then SW downs lcre 
approx . 27 me t e r s  f rom r oad . 
E f r om 11 1 0  app rox . 90 me te rs ,  p a ra l l e l  to road and 1 4  
m e t e r s  S o f  road . 
D i rec t l y N of /i l l ,  across road and p e rp e n d icular to road . 
1;:; 
Dead End R o a d  
o.; 
Heading 
(0N  a z imu t h )  
2 2 2  
1 6 8  
6 4  
355 
138 
Table 1 .  ( con t . ) 
S i t e  13 ( S covho ) is loca ted 0 . 5  k m  E of Moon Campground on S ixmil e Road # 30 1 ,  S side approx . 25 
me ters
0
and parallel to road . L e g a l  d e s c rip t ion - S D4 S ec .  2 1 , T 1S , R 1 E ,  Penning ton Co . Heading 
is 2 74 N azimu t h . 
S i tes 1 4- 1 7  a re loc ated ENE of the j unc t ion of Will iams Draw Road ( 1!69 1 )  and S ixmile Road 
( # 30 1 ) . Legal description - SW� Sec . 3 1 ,  T 1 S , R3E , Penning ton Co . 
11 14 
11 15 
11 1 6  






P erpendicul a r  and app rox . 50 me ters N of road . 
Parallel to � 1 4  and 30 me ters W .  
W o f 11 1 5  2 7 5  meters . Will iams Draw Road i s  visible f rom 
t h i s  t rans ec t .  




( N az imu t h )  
336  
1 5 2  
30 1 
29 7 
Si tes 1 8-40 are located approx . 3 . 5  km N of Teepee Work Center on Road #668 j us t  N o f  ' Gi l l e t t e 
Gulch ' Road going W f rom 1/ 6 6 8 . Legal desc rip t ion -· N£'-4 Sec . 3 1 ,  T3S , R2E , Cus ter Co . No te : 
S ta rt app rox.  160 me t e rs E o f  road near center of d raw . 
i/ 18 
/1 1 9  
1120 






i/ 2 7  
lt 2 8  








1! 37  
Vanacke r 
Vanac ke r 
Vanock.er 
Vanac ke r 
Vanock.er 











S awdust  
S awdus t 
Sawdust 
S awdust 
Loca c ion 
Appro x .  7 0  me ters S upslope f rom center of  draw . 
NE f rom 0 1 8  app rox . 1 5  met ers . 
S and upslope from # 1 9  approx . 30 meters . 
E and downs lope f rom /120 ,  due S of s t ock dam app rox . 
40 me t e rs . 
S up s lop e 45 me ters , then E 20 me ters f rom 11 2 1 . 
Upslope app rox . 35 me t ers f rom /1 2 2 .  
N E  o f  /125 app rox . 90  meters and NW o f  #26  approx.  
50 me t e rs . 
NE ap prox . 70 meters f rom 11 2 3 .  
ENE downslope f rom # 2 5  approx . 1 1 5 me ters . 
NE downslope f rom 1126  approx . 20 me ters . 
E f rom 11 2 7  approx .  1 7 5 meters ( c ros ses N-S d rainageway ) .  
S ta r t ing f rom center o f  draw , 1 60 meters f rom road ; go 
NNW upslope approx. 45 me ters . 
N up s l ope and W o f  #29  approx . 20 me ters ; paral lel . 
In l ine with /1 30 head ing the opp o s i t e  d i re c t i on .  
D irec tly S up slope and paral lel f rom lt 3 1 . 
E from # 3 2  approx . 30 me ters . 
SE f rom # 3 3  approx. 60 me ters and downslope . 
NE up s lope f r om 0 34 app rox . 60 meters and across small 
dra inageway . 
N ups lope f rom #35  app rox. 40 meters . 
E f rom 1136 approx . 100 me ters . 
0
Heading 





1 1 8  
1 1 9  
5 0  
1 3 0  
3 5  











T a b le l .  ( cont . )  
11 38 
11 3 9  
114 0 
Sawdus t 
S awdus t 
Sawdus t 
N f rom 1.1 3 7  and up s l op e  (ne: n summi t )  approx . 1 0 5  me t e rs . 
W f rom 11 3 8  app ro x .  1 80 me t er s .  
Upslope and N f rom # 3 3  approx . 3 5  me t e r s . 










2 9 6  
2 8 5  
2 60 
1 3 9  
S i t e  4 1  ( Vanocke r )  is loca t e d  o n  G i ll e t te Gulch Roa d ,  g o i ng W f rom # 6 6 8  and j us t  S o f  area whe re 
s i t e s  1 8- 4 0  a re l o ca t e d . Go 0 . 6  km W ( p a s t  s t ock tank) to f i r s t  lone t re e  i n  d raw . The s i t e  is 
S and up slope appr o x .  1 1 0 me t e rs . Heading is 7 8° N a z imu t h . Legal d e s c r i p t i o n  - NW!.; S e c . 3 1 , 
TJS , RZ E ,  Cus t e r  Co . 
S i t e s  4 2 - 4 6  a re loca t e d  on Bear M t n . Ridge Road # 2 9 3 ,  N 0 . 2  k m  f r om i n t e rse c t ion wi t h  Road 11 2 9 1 .  
Legal d e s c rip t io n  - NW� S e c . 33 , T2 S ,  RJE , Cus t e r  Co . 
� Soil 
1 4 2  Trebor 
/14 3 T re b o r  
114 4  Trebor 
114 5  S t ovho 
11 4 6  S tovho 
Loc a t ion 
E of road app rox . 2 5  me t e r s  and paral l�1 t o  road . 
P i vo t s  wi t h  /14 2 .  
W across road f rom #4 2 ,  app rox . 1 5  me te rs f r om ro ad . 
WSW app rox . 1 4 0  m e t e r s  downs l ope f rom #44 . 




(0N a z i mu t h )  
3 5 6  
1 1 2  
3 1 6  
344 
2 6 7 
1 4 0  
Tab l e  1 .  ( c o n t . )  
S i t e s  4 7 -48 are loca t e d 2 . 3 k m  N on Bear Mt n .  Ri d ge Ro ad # 2 9 3  f rom inte rsec t ion wi th Roa d # 29 1 .  
Legal d e s c r i p t i o n  - NWl' S e c . 28 , TZS , R 3 E ,  Cus t e r  Co . 
11 4 7  Trebo r 
11:.8 S t ovho 
Locat ion 
� f rom road a p p rox . 20 me t e r s  and p a ra l le l  t o  road . 







N az-imuth ) 
346 
244 
. S i t e �  4 9- 5 6  a1·e :i o :::a te d  nea r S ilver M t n . , N on Road 1/ 3 58 to Road /1673 ( no t shown on map ) . 
Cont inue h' unt il f i r s t  ' Y ' in road go ing l e f t  ( p rimi t iv� t r a i l ) . Proceed up p r imi t ive t ra i l  
un t i l  t he t urn-around i s  reached , t he n  p r oceed o n  f oo t . Legal d e s c r ip t ion - N E �  S ec . 2 1 , T I S ,  
R6 E ,  Penn i n g t o n  Co . 
114 9 
11 5 0  
1.1 5 1 
i.1 5 2  
1/ 5 3  
1/54 
1155 
11 5 6  
Pac t o la ( N )  
Pactola ( N )  
F a c t ola ( N )  
f a c t o la ( N )  
Pac t o la ( N )  
Fac t o la ( l\ )  
Pac t o la ( N )  
Fac t o la ( N )  
Loca t i on 
SE up s l op �  f rom t urn-around app rox.  50 me t e rs . 
NE f rom # 4 9  a p p ro x . 20 me t e rs and paral l e l .  
S E  f rom # 5 0  app rox . 2 0  m e t e r s . 
SW f rom 11 4 9  app rox . 30 me t e r s  and upslop e . 
P i vo t s  S up s lo p e  f r om E e nd of # 5 2 .  
W f rom # 5 2  approx . 1 0  me t e rs . 
NE and d own s lop e from 11 5 0  app rox . 85 me t e r s . 
App rox.  5 m e t e r s  £ f rom 11 5 5  and a d j acent to skid 
t ra il to the N .  
� - turn · around 
N 
1 
H e a d i n g  
(
0
N a z imu th ) 
303 
3 3 9  
7 2  
2 5 9  
1 4 4  
1 8 7 
1 1 3  
3 5  
S i t e s  5 7- 6 3  a r e  loc a t e d  b a c k  d own p r imi t i ve road f r om t u rn- around ( S i te s  4 9- 5 6 ) ; wi thin 1 1 5  
me t e rs o f  Road #6 7 3 .  Legal ' escrip tion s ame as for s i t e s  4 9 - 56 . 
# 5 7  
It 5 8  
Pactola ( S )  
Pac t o la ( S )  
Loca t ion 
N ap p rox . 20 me t e rs f rom p r imi t i ve road and ?arall e l .  
N up s lope app rox . 1 5  me ters from � 5 7 .  
Head ing 
(0 N a z imu t h )  
2 5 1  
2 1 5  
1 4 1  
T a b l e  1 .  ( cont . )  
i/ 5 9  Pactola ( S )  E f rom #58 app rox . 20 m e t e r s . 44 
11 60 Pactola ( S )  £ f ro m  1! 5 9  <J p p rox . 20 me t e r s . 4 1  
11 6 1  Vi rkula E a cr o s s  Road !i6 7 3  approx . 1 5 m e t e r s  and p e rp e nd i cu la r  t o  
roa d .  3 5 5  
ii6 2  V i r  kula s f ro m  11 6 1 approx . 25 me t e r s . 7 5  




S it e s  6 L. - 6 7  a re loc a t eJ W on Road 116 i 3  f rom j unc t ion w i t h  p r imi t ive tra i l , pas t tum-around and 
onto p rimi t ive tra i l . S t op at su��it ( ap p rox . 200 me t e rs past turn-a round ) .  Legal d escrip t ion 
- S!� S ec . 1 6 ,  T l S , H 6 E , Penn i n g ton Co . 
1164  
/16 5 
1/6 6  
1/6 7 
Pac t o la ( N )  
Pactola ( N )  
P a c t o la ( N )  
P a c t o la ( N )  
Loc a t ion 
\v f rom p rimi t ive t r a i l  approx . 1 1 0  me t e r s  and s l i gh t l y  
d own sl o p e . 
W 10 me t e r s  and parallel w i t h  # 6 4 . 
t-.'W f rom /1 6 5  and s l i � h t ly down s lope approx . 20 me t e r s . 




( 0N azimu t h )  
3 2 6  
3 3 1  
3 36 
34 5  
S i te s  6 8 - 7 3  are loca t e d  immed i a t e l y  S f r om S h e ridan Lake ( camp g round a r e a )  o f f  Road # 39 2 ,  S on 
unmarke d  t r a i l  p a s t  f ence a p p r o x .  1 2 5  me t ers . Legal d e s c rip t ion - NEl-� S ec .  1 3 ,  T l S , RSE ,  
Penn i ng t on , Co . 
0
Heading 
S i te S o i l  Loca t i on ( N azimu t h )  
11 6 8  V i r  kula E f rom t r a i l  app ro x .  2 0  m e t e r s  <Jnd perpendicula r .  1 1 4  
116 9  V irkula P i vo t s  with 1 6 8 , p a rallel to t r a il . 1 9 5  
11 70 V i rkula App rox . 20 me t e rs NE from 11 6 9  and p e rpend icul a r  t o  t ra i l . 2 9 9  
11 7 1  V i r  kula S E f r om 11 70 ap p rox . 10 me t e r s  and p e rpend icula r t o  t r a i l . 1 2 5  
1/ 7 2  V i r  kula N f rom 11 7 1  app rox . 1 0  me t e r s  and qea r l y  p a ra l l e l  t o  t r a i l . 3 54 
i/ 7 3 Vir kula N f rom 1/ 7 2  approx . 20 me t e r s  and parallel to t ra i l . 3 2  
1 4 2  
Table 1 .  ( cont . ) 
N 
1 
S i te s  7 4- 7 7  are loca t e d  W of S h e r idan Lake on Road 11 738  f rom U . S .  3 8 5 . Cont inue W l . 1 K m  a f t e r  
p a s s ing cabin on N s id e  o f  roa d .  S t op app rox . 200 me t e rs a f t e r  s t oc k  dam on N s ide o f  road . 
Legal desc r ip t i on - S E� Se c .  1 0 ,  T 1 S ,  R5 E ,  Pe nnin g t o n  Co . 
/1 7 4  
11 7 5  
11 7 6  
11 7 7 
V i r k u l a  
Vi rl<.uld 
Vir kula 
Pac t o la ( S )  
Loc a t ion 
W app rox .  YO me t er s  f rom road ( undernea t h t ransmi s s i on 
l in� ) . 
E f rom road approx.  25 me t e r s  and SE f rom # 7 4 . 
Pivo t s  wi t h  # 7 5  and is pe rpe n d i cula r to road . 
N\o: r rom s i tes i/ 7 5  and # 7 6 a p p rox . 1 50 me t e rs (W of roa d ) . 




( 0N a z imu th )  
2 1 8  
1 3 5  
2 7 0 
2 4 5  
S i t e s  7 8 - 84 a re l ocated N o f  S il ve r  M tn . , W o f  Bould e r  Hill , a n d  NE f rom S i t e s  6 4 -6 7 . Fol low 
Road 11 3 5 8  pas t j unc t ion •.o1i t h  Road 11 6 7 3  app rox . 1 . 3  km N .  Take p r imi t ive tra i l  go i ng W j us t  
b e fo re large f o re s t  ope n i ng i s  rea c he d . Fo l l ow p rimi t i ve t ra i l  W a p p r ox .  0 . 5  k m .  All s i t e s  a r e  
N o f  t r a i l  on mo d e r a te ly s t eep S-aspec t b a c kslop e s . Le g a l  d e s c r i p t i o n  - S El� Sec . 1 6 , T 1 S ,  R6 E ,  
Pennington Co . 
S i t e S o i l  
1 7 8  Pac t o la ( S )  
11 7 9  Pac t o la ( S )  
11 80 Pac t o la ( S ) 
# 8 1  Pac t o l a ( S )  
11 8 2  Pac t o la ( S )  
11 8 3  Pac t o la ( S )  
/184 Pac t o l a ( S ) 
Loca t ion 
N f rom t r a i l  and up s l ope ap p rox . 35 me t e rs ; pa rallel to 
t rail . 
N and up s lope f rom # 7 8  approx . 15 me t e r s . 
P iv o t s  wi t h  # 7 9  and p arallel wi th s lope . 
Af." p rox . 3 met er s  f rom E end of i/ 8 0 : runs SE downs lope . 
Ex t e ns i on o f  118 1 : runs E f rom E end . P ivo t s  wi th lt 8 3  
a n d  11 84 . 
P i vo t s  w i t h  11 8 2  a nd 11 84 ; runs N E .  
s downs lope f rom 118 2- 8 3  p iv o t  p oi n t ; runs S E .  
Hea d i ng 
( 0N az imu th) 
88 
1 2 3  
1 0 1  
1 2 5  
7 5  
3 2  
8 2  





p a r k  
1 4 3  
A p pe n d i x  8 
Pedon Mo rp ho logy and Charac t er i z a t ion 
Taxonomic Clas s : 
Pedon Desc rip t ion : 
1 45 
Pac t o la ( no r t h  aspec t )  - S i t e # 6 4  
Loamy-skeletal , mixed Typ ic Eutroboralfs  
Pac tola channery s il t  loam ,  2 4% backslop e , aspe c t  
3 3 9 °N az imuth , under a dense fo res t canopy o f  
ponderosa p ine a t  1 5 1 2  me ters eleva t ion , S� , S e c . 
1 6 , T l S , R6E , Penning ton County . ( Co lors  a re for 
dry so il unless o therwise  s ta ted) . 
Oe 2-0cm ; dec omp o s ed and par t ially decomposed p ine needles and 
twigs . 
A 0-4cm ; dark g rayi s h  b rown ( 1 0YR4 / 2 ) channery s il t  loam ,  black 
( 1 0YR2 / l )  mo i s t ;  weak very f ine granular s truc ture ; so f t ,  very 
friable ; 2 5 %  by vol ume coarse f ragmen ts o f  sla t e ; very s trongly 
acid ; ab rup t wavy boundary . 
E 4 - 2 2 cm ;  pale brown ( l OYR6 / 3 ) channe ry s il t  loam , yellowish b r own 
( l OYRS / 4 ) mo is t ; mode ra te very f ine g ranular s t ruc t ur e ; s o f t , 
very f riab l e ; 30% b y  volume coarse fragment s o f  s la t e ; many f ine 
and common med i um  roo ts ;  s t rongly acid ; clear wavy b oundary . 
B t  2 2- 5 2 cm ;  b rown and l igh t b rown ( 7 . 5YR5 / 4  and 6 / 4 )  very c hanne ry 
clay loam , dar k  b rown ( 7 . 5YR4 / 4 )  mo is t ;  s trong very f ine 
s ubangular  blocky s truc ture ; s l ightly hard , friab le ; 40% by 
vol ume coars e f ra gmen t s  of s la t e ; common f ine and few coars e 
roo ts ; thin clay f ilms on f aces  o f  some p eds ; modera t el y  aci d ; 
c lear r...;avy bo un da ry . 
B C  5 2 - 7 2 cm ;  brown ( l OYRS / 3 )  very channery loam ,  dark b rown ( 1 0YR4 / 3 ) 
moi s t ;  weak very f ine s ubangular blocky s truct ure , s li g h t ly hard , 
f riable ; 5 0 %  by volume coarse f ragment s  o f  s la te ; few f ine and 
f ew common roo t s ; s trongly acid ; gradual wavy boundary . 
C 7 2- 9 0
+
cm ; b rown ( l OYRS / 3 ) very channery very coarse sandy loam,  
dark brown ( 1 0YR4 / 3 )  mo is t ;  mas s ive ; so f t , very f riab le ; 70% b y  
volume c o a r s e  f ra gmen t s  o f  sla te ; s trongly acid.  
1 46 
Pac t o la (no r th asp ec t )  - S i te # 5 0  
Taxonomic Clas s : Loamy- s kel e tal , mixed Typ ic Eut roboral f s  
Peden Descrip t ion : Pactola very channery s il t  loam ,  30%  b acks lope , 
asp e c t  3°N az imu th wi thin a clearing o f  ponderosa 
p ine fores t a t  1 5 7 3  m e leva t ion , N� , S e c . 2 1 , T l S , 
R6 E ,  Penning ton County . ( Co lo rs- are f o r  dry s o il 
unl ess  o therwise s ta t ed) . 
Oe 6-0cm ; decompos ed and par t ial ly decomposed p ine twigs  and 
b earberry l eave s .  
A 0-4cm ; ve ry dark grayish b r own ( 1 0Y R3 / 2 )  very channe ry s il t  loam , 
b lack ( 1 0YR2 / l )  mo i s t ; mo dera t e  ve ry f ine g ranular s t ruc ture ; 
so f t ,  very friable ; 35%  b y  vo l ume c oarse fragment s  o f  s la te ; many 
very fine and medium roo t s ; ext remely acid ; clear wavy boundary . 
E 4 - 2 3 cm ;  l ight  b rownis h  gray ( 1 0YR6 / 2) very channery s il t  loam , 
b rown ( l OYRS / 3 ) mo i s t ;  weak ve ry f ine subangular b locky 
s truc ture ; so f t , very friable ; 40% b y  vol ume coarse f ra gmen t s  o f  
s la te ; many very f ine and medium roo t s ; very s trongly aci d ;  clear 
wavy bounda ry . 
BE 2 3- 3 6cm ; s trong brown and p inki s h  gray ( 7 . 5YR5 / 6  and 7 / 2 ) very 
flaggy s il t  loam , dark b rown and yellowish brown ( 7 . 5YR4 / 4  and 
l OYRS / 4 )  mo is t ; moderate ve ry f ine s ubangular b locky s t ruc t ur e ; 
s l i gh t ly hard , friab l e ; 4 0% by  vo lume coarse fragment s  o f  s la te ; 
common fine and med ium roo t s ; s t rongly acid ; clear wavy boun dary . 
B t  36- 64 cm ;  s t rong b rown ( 7 . 5YRS / 6 )  very f laggy clay loam , da rk 
brown ( 7 . 5YR4 / 4 )  mo is t ;  moderate , med ium subangula r q lo cky 
s truc ture ; s l ig h tl y  hard , friable ; 5 0% by vo lume coarse fragments 
of slate ; common f ine t o  f ew med ium roo ts ;  t hin clay f ilms on 
faces of  some peds ; s t rongly acid ; g radual wavy b oundary . 
BC 64-84cm ; yellowish brown ( l OYRS / 4 )  ve ry f laggy loam ,  dark b rown 
( 1 0YR4 / 3 ) mois t ;  weak f ine subangula r b locky s t ruct ure ; s lightly 
hard , f riab le ; 60%  by vol ume coarse f ragments o f  slat e ; f ew 
medium roo ts ; s trongly a c id ; c lear wavy boundary . 
c 84- 1 04+cm ; brown ( l OYRS / 3 )  extremely s tony loam , dark b rown 
( 1 0YR4 / 3 ) mo is t ; mas s ive ; s li gh tly hard , friable ;  7 5 %  b y  volume 
coarse f ra gmen t s  o f  s la t e ; mo derately acid . 
Rema rks : In termit tent  accumula t ions o f  t ransp or ted ma t e rial from B t  
adher ing t o  coarse f ra gments i n  B C  horizon . 
The A ho ri z on is highly varia ble in thickne s s , ran g ing from 
1 to 4 em a c r o s s  fac e o f  p edon . 
SO I L  HOR I ZON 
A 
Pac t u l a  E 
B t  
( no r t h )  BC 
11 64 c 
A 
l'a c t o 1 a  E 
( l lu r t h )  HE 
il 50 Ht  BC 
c 
SOI L  HOR IZON 
Pac L u l a  A E 
( no r L h )  B t  
/lb4  HC c 
Pac L u l a  A 
( no r t h )  1·: 1 1E 
!1 50 Ht 
B C  
c 
PART ICLE S I Z E  (% of TOTAL) CLAY 
DEPTH --- TOTAL --- -- SAND FRACTION --- S I LT FRACT I ON C .  FRAr. . RAT I O  
(em)  Sand S i l t r.l ay vc c 
0-4 2 5 . 5 6 1 . 1  1 j . ) 2 . �  4 . 6  
4 - :.!2  3 0 . 0  5 7 . 2  1 2 . 8 11 . 5  6 . 9  
2 2 - 5 2  30 . 4  � l . O  2 i L 6  5 . 9  9 . 6  
5 2 - 7 2  3 9 . 4 40 . 5  20 . 1 1 0 . 1 1 0 . 9 
7 2 - 9 0+ 5 4 . '3 3 3 . 5  1 2 . 2  1 5 . 0  1 3 . 9 
0-4 2 1 . 1  6 5 . l I )  . H  l . u 3 . 5  
!, - 2 )  2!3 . 8  o 2 . 4  d . 8  .!. . 1.  4 . 4 
2 ) - J 6  2 3 . 5  5 2 . 3  2 � . 2  3 . 9  4 . 3  
3 6 - 6 4  10 . Y  4 1  · '· 2 7 . 7  6 . 9  6 . 3  
6 4 - 8 4  3 2 . 8  4 1 . 7  2 5 . 5  4 .  l 6 . 2 
8 <, - 1 04+ L, 2 .  5 4 0 . ') J A . o  7 . 6 9 . 3  
EXTRACTABLE BAS E S  C EC 
Ca Hg 
2 0 . 9  3 . 9 
3 . 6  1 . 2 
1 1 . 0 4 . 3  
6 . 9 J .  1 
5 .  '· 2 . 3  
1 3 . 5  2 . 9  
2 . 9  1 . '!.  
6 . 4  2 .  7 
Y . O  4 .  1 
1 0 . 8  4 . 5  
1 1 . 5 4 . 7 
N a  K ( N H40Ac ) pH 
cmo l ( p+) kg - 1 --- ( l : 1 )  
. 0  . b  3 1 . 5  4 . 9  
. 0  . 2 7 .  l 5 .  l 
. 0  . 4  1 7 .  l 5 . 8 
. 0  . 3 1 2 . 7  5 . . 3 
L r  . 3 9 . 7  5 . 5  
. 0  l . ; 30 . 9  4 . 3  
. 0  . 2 5 .  5 5 . 0 
. 0  . 3  1 3 . 4  5 .  1 
. 0  I . 4  1 7 . 7  5 . 1 
. 0  . ) 1 4 . 9  5 . 4  
. 0  . 3 1 3 . 5  5 . 6  
H I'' V F  c H F % by Vo l .  B t / E  
4 . 8 6 . 9  6 . 8 3 1  , l, :..! 2 . 5  7 . .!.  2 5  
5 . �  5 . 2  6 . 0  1 � . 8 1 5 . 9  6 . 5  3 0  
5 . 5  t, . 4 4 . 9  2 8 . 3 8 . 8  1 . 8  4 0  2 . 2  
6 . 3  5 . 7  6 . 3 2 3 . 0  1 5 .  1 2 . �  5 0  
8 . 5 ·a . 7 8 . 2  2 4 . 5 8 . 6  U . 4  7 0  
4 . 4  5 . 0  6 . 5  3 1 . 3  L ' 'l '-� • -'  7 .  5 3 5  
5 . 3 7 . 3  9 . 6  4 0 . 9  1 6 . 8 � . 7  4 L)  
3 . 9  5 . 0  6 . 4  3 5 . 8  1 2 . 2  � . 4 l, Q 
4 . 9  6 . 2  6 . b  2 5 . 8  1 2 . 2  3 . 3  5 0  3 .  1 
5 . 5  8 . 1 8 . 9  2 1 . 2  1 5 . 5  5 . 0  6 0 
7 . 3 9 . 3  9 . 1 2 2 . 4  1 7 . 2  1 . 3 7 5 
8111 \�ATER CONTENT RAT I O  
OM CaC0 3 RAT I O . 03 HPa 1 . 5 1-IPa 1 . 5 HPa 
% % CEC / C lay -- % --- to C l a y  
7 . 7  2 . 3 7 3 7 . 1 2 0 . 1 l .  5 1  
1 . 6 . 5 5 2 0 . 4  6 . 5 0 . 5 1 
1 . 1  . 6 0 2 0 . Lt 1 2 . 7  0 . 4 4 
0 . 6  . 6 3 2 3 . 5  9 . 7  0 . 4 8 
0 . 9 . 8 0 1 5 . 9  7 . 6  0 . 6 2 
7 . 7  '!. . 2 4 3 7 . 0  2 4 . 7 l .  7 9  
1 . 2  . 6 3 1 9 . 2  4 . 4 0 . 50 
0 . 9 . 5 5 1 9 . 3  1 0 . 6 0 . 4 4  
0 . 6  . 6 4 : n . 3  1 2 . 7  0 . 4 6 
0 . 4  . 5 8 2 2 . 4  1 0 .  1 0 . 4 0 
0 . 5 . 8 1  1 6 .  1 9 .  l 0 . 5 5 
RAT I O  
Sa t o  
S i +C l 
0 . 3 4 
0 . 4 1 
0 . 4 l, 
0 . 6 5 
l .  1 9  
0 . '2 7 
O . L, Q 
0 . 3 1 
0 , L, 5  
0 . 4 Y 





Pac t o la ( s o uth aspect ) - S i te # 5 9 
Taxonomic Clas s : Loamy-skele tal , mixed Typ ic Eut robo ralf s . 
Pedon Desc rip t ion : Pac tola s i l t  loam, 2 3 %  backslope , a sp e c t  1 3 3°N 
a z imu t h , under a s parse fo res t canopy o f  ponderosa 
p ine-bur oak a t  1 5 24 me ters e l eva t i on ,  NW� , Sec . 
2 2 , T I S , R6 E ,  Pe nn ing ton County .  ( Co l o r s  are for  
dry so il unle s s  o t herwise s t a te d ) . 
Oa 2-0cm ;  decomp o s ed and pa r t ially decomp osed p ine needles  and grass 
l i t ter . 
A 0- 2cm ; very dark g ray ( 1 0YR3 / l )  sil t loam ,  b lack ( 10YR2 / l )  mo is t ; 
modera te  f ine g ranula r s t ruc ture ; s o f t , ve ry f riable ; 5 %  by 
vol ume coarse  fragment s  o f  slat e ;  corrunon ve ry f ine t"o fine roo t s ; 
very s t rong l y  acid ; abrup t wavy boundary . 
E l  2 - 2 lcm ;  b rown ( 1 0YR4 / 3 )  channery loam , very dark gray ( 1 0YR3 / l )  
moi s t ; 'veak ve ry f ine subangul ar blocky s t rue t ure ; s o ft , very 
friab le ; 20% b y  vo l ume coarse fragments o f  s l a t e ; common very 
f in e  and few medium roo ts ; moderately acid ; clear wavy boundary . 
E2 2 1- 2 8 cm ;  b r own ( 1 0YR4 / 3 )  ve ry channery loam ,  very dar k  grayis h  
b rown ( l OYRJ / 2 )  mo i s t ; weak very f ine granula r  s t ruc t ure ; so f t , 
very friable ; 3 5 %  b y  volume coa r s e  fragment s  o f  s la t e ; common · 
ve ry f ine and f ew med ium roo ts ; moderately acid ; abrup t wavy 
boundary . 
B t  3 8 - S Ocm ; dark yellowi sh b rown ( 1 0YR4 / 4 )  ve ry s t ony s il t  loam , 
dark brown ( 1 0YR3 / 3 ) mo is t ; moderat e  f ine subangular b lo c ky 
s t ruc t ure ; s l ightly hard , f riable ; 5 5 % by volume coarse f ragment s  
o f  slate ; common very f ine to f ine roo t s ; modera t e ly acid ; ab rup t 
wavy boundary . 
C 5 0- 70
+
cm ;  light ol ive b rown ( 2 . 5Y R5 / 4 ) ext remely s t ony f ine s andy 
loam ,  dark b r own ( 1 0YR3 / 3 ) mo is t ; mas s ive ; s o f t , very friab le ; 
6 5 %  by volume coarse fragment s  o f  s late ; few very f ine t o  f ine 
roo t s ; s lightly acid . 
Remarks : ' A '  Ho riz on thickne ss va ries f rom 2 to 5 em ac ross pedon 
face . 
Taxonomi c Clas s : 
Peden Desc r ip t ion : 
1 4 9  
P ac t ola ( s outh aspec t )  - S i te if84 
Loamy-skel e t al , mixed , Typ ic Eutrob o ral f s . 
Pactola c hannery s il t  loam ,  36%  b a cks lop e , aspect  
1 0 6°N az imuth , under moderately dense fores t 
canopy o f  ponde rosa p ine-bur oak a t  1 500 met ers  
eleva t ion . 5� , Se c .  1 6 ,  T l S , R6 E ,  P enning t on 
Coun ty . ( Co lo rs are for  d ry unle s s  o therwi s e  
ind i c a t ed ) . 
Oe 4-0cm ; decomp o s e d  and par t ially decomposed p ine needle s , oak 
leave s , and twigs . 
A 0-4cm ; very dark grayish b rown ( l OYRJ / 2 )  c hanne ry s il t  loam ,  
b lack ( 1 0YR2 / l )  mo is t ; modera t e  f ine g ranular and mode rate f ine 
s ub angular blocky s truc ture ; s_9 f t , very f riab le ;  1 0% b y  vol ume 
coar s e  fragme n t s  o f  sla te ; common f ine and very f ine roo t s ; 
moderately ac i d ; cl ear wavy boundary . 
E 4 - 9 cm ;  brown ( l OYRS / 3 )  channe ry s il t  loam ,  dark b rown ( 1 0Y R4 / 2 )  
mo is t ; mod e r a te f ine subangular b locky s truc ture ; s o f t , very 
f riab le ; 30% by volume coarse f ragements  o f  s la t e ; c ommon f ine 
and very f ine roo t s ; mode ra t e ly acid ; clear wavy b oundary . 
B t l  9-SOcm ; b rown ( 7 . 5YR5 / 3 ) extreme ly f l aggy c lay loam , da rk b r own 
( 7 . 5YR4 / 4 )  mo is t ; s trong medium and f ine s ubangular b lo cky 
s truc ture ; s l ightly hard , f riab le ; 6 0% by volume coa r s e  
f ra gments  o f  s la t e ; f ew med ium and f ine roo ts ; thin c lay films o n  
f aces  o f  peds ; mo dera tely a c id ; c lea r wavy bounda ry . 
B t 2  5 0- 74 cm ;  yellowish  brown ( l OYRS / 4 )  ext r emely fla g gy c lay l o am ,  
dark ye ll owish brown ( 1 0YR4 / 4 )  mo is t ; moderate me d i um  s ubangular 
b locky s t ruc ture ; s li ghtly hard , f i rm ;  6 0% by vo lume coarse 
f ra gment s  o f  sla te ; few medium and f ine roo ts ; thin clay f i lms on 
faces  of  peds ; mod e ra tely acid ; cl ear wavy bounda ry . 
2 B C  74-85 cm ;  s trong b rown ( 7 . 5YR5 / 6 )  very channe ry loam ,  dark b row� 
( 7 . 5YR4 / 4 )  mo is t ; weak ve ry f ine subangular b locky s truc ture ; 
s l i gh t ly hard , f r ia b le ; 5 0% by  vo lume coars e f ragme n t s  o f  s la te ; 
f ew f ine roo t s , modera t ely acid ; clear wavy b o undary . 
2 C  8 5- 1 0 7
+
; s t rong b rown and yellowi s h  b rown ( 7 . 5YR5 / 6  and 1 0YR6 / 6 )  
channery l oam , b rown and da rk b rown ( 1 0YR4 / 4  and 7 . 5YR4 / 4 )  mo is t ;  
weak very f ine subangular b locky s truc ture ; s o f t ,  very friab l e ; 
30%  by vo lume c oarse  fragments  o f  s la t e ; f ew f ine roo t s ; s li gh t ly 
acid . 
Remarks : Trans p o r t e d  ma te rial f rom B t l in t o  B t 2 , B t 2  in t o  B C , and 
from BC in to C horizon is eviden t in c racks adj a c en t  t o  
c o a r s e  f ragmen t s . 
1 5 0  
P ac �o la ( so u th aspec t )  - S i te # 8 4  ( co n t inued )  
Remarks : ( Cont i nue d )  Discontinuous E ho rizon o c curs b el ow A ho rizon , 
de s c r ib e d  as b rown ( l OYRS / 3) channe ry s i l t  loam ,  modera t e  
fine and very f ine subangular b locky s t ru c t ure ; so f t , very 
friab le , abrup t wavy boundary . 
Pressure faces evi den t on some p eds wi thin B t l and B t 2  
horizons . 
SO I L  HOR I ZON 
A 
Pac t o l a  
E l  
( sou t h )  . E2  
/1 5 9  
B L  
c 
Pac t o 1 a  A E 
( sou t h )  Bt l 
flfjt, B t 2  
2 tlC 
2C 
SO l L  I IOR lZON 
Pa • :  t o J  a A 
E l  
( sou t h )  E 2  
B L  
11 5 9 c 
Pnc t o la A 
( sou th ) E Bt l 




PART ICLE S I Z E (% o f  TOTAL) CLAY 
DEPTH --- TOTAL --- -- SAND FRACTION --- S I LT FRACTI ON C .  FRAG . RAT IO 
(ern) Sand S i l t  C l a y  v c  c 
0- 2 3 2 . 2 5 1 . 1  1 6 . 7  l . S 3 . 2  
2 - :n 3 7 . 3  4 8 . 1  I !, .  6 2 . 1  4 . 0 
2 1 - 38 4 2 . 6  4 4 . 8  1 2 . 7  1 . 7 4 . 5  
3 8 - 5 0  4 9 . 5 3 l . 6  1 8 . 9  3 . 8 9 . 0  
50- 7 0+ 4 6 . 3  4 6 . 9  6 . 8  1 . 4  3 . 7  
0-4 3 6 . 2 !, 7 .  1 1 6 .  7 3 . 6  6 . 4  
L, - 9 36 . 3  4 4 . 2  1 9 . 5 4 .  !, 6 . 2  
9 - 5 0  2 1 . 7  4 4 . 9  3 3 . 4 2 . 2  3 . 7 
50- 7 4  ) 5 . 4  3 7 . 5  2 1 . l 7 . 3 8 . 5  
Jlt - 8 5  56 . 4  3 4 . 4  9 . 1 t, , 6  1 7 . 0  
8 5 - 1 0 7 66 . 8  2 4 . 9  8 . 4  1 0 . 7 2 1 . 2  
EXTRACTABLE BASES CEC 
Ca Hg 
2tl . )  ) . 9  
8 . 5  2 .  1 
9 . 4  2 . 3 
8 . 1 2 . 5  
1 3 . 5  t, . 1 
2 5 . 4  4 . 5 
8 . 0  2 . 9 
l l . ) 4 . 7  
1 3 .  I 5 . 8  
1 8 . 6  6 . 6  
1 2 . 9  5 . 2  
Na K ( NII40Ac ) pH 
cmo l { p+) kg- 1 --- ( 1 : 1 )  
. 0  . 4 3 2 . 9  5 . 0  
. 0  . ) 1 4 . 7  5 . 6  
. 0  . 2 1 2 . 7 5 . 6  
. 0  . 2 1 l . O  5 . 9  
. 0  . I  8 . 9  6 . 1 
. 0  . 9  )0 . 4  5 . 9  
t r  . ) 1 4 . 4  5 . 6  
. 0  . 3  1 9 . 7  5 . 6 
. 0  . 3 1 7 . 6 5 . 6  
. 0  . 0  1 5 . 5 5 . 9  
. 0  . 0  1 2 . 8  6 . 1  
�1 F VF  c H F % by Vo l .  B t / E  
6 ., . / 1 0 . 6  1 0 . 3  2 3 . 4  2 1 . l 6 . 1)  5 
7 . 4  1 2 . 4  1 1 . 3  '27 .  6 1 7 . 4  } . 2  2 0  
8 . 5  1 4 .  7 1 3 .  1 2 6 . 3  l 5 . 4  3 .  l 3 5  
1 1 . 9 1 4 . 9  1 0 . 0 1 7 . 0 1 1 . 7 3 . 0 5 5  1 . 4 
8 . )  1 6 . 7  1 6 . 3  2 9 . 3  1 4 . 8  2 . 7  6 5  
6 . 9  1 0 . 2  9 . 2  2 0 . 6 1 9 . 2  7 .  . l 1 0  
6 . 7  1 0 . 0  9 . 0  2 3 . 6  1 4 . 5 6 . 0  3 0  
3 . 5  5 . 2  7 .  0 2 4 . 5 1 1 . 9 8 . 5  60 1 . 6 
5 . 8  5 . 5  8 . 3  2 1 . 7 1 2 . 0  1 . 8 60 
1 3 . 9  1 2 . 5  8 . 4  1 7 . 8 1 2 . 9  ) . 7  5 0  
1 5 .  1 1 1 . 9 7 . 9  1 2 . 7  1 0 . 5 1 . 7 30 
0m I�ATER CONTENT RAT IO 
OH CaCO) RATIO . 03 HPa 1 . 5 HPa 1 . 5 HPa 
% % CEC / C lay -- % -- to C lay 
5 . 9  l .  9 7  3 6 . 8  1 8 . 7 1 . 1 2  
2 . 6  l . OO 2 2 . 0  9 . L  0 . 6 3 
1 . 5  1 . 00 1 9 . 3 7 . 7  0 . 6 1 
0 . 8  . 5 8 1 7 . 2 7 .  7 0 . 4 1  
(J , b l .  30 1 5 . 6  6 . 5  0 . 9 6 
6 . 2 1 . 8 2 3 3 . 3  1 6 . 9  1 . 0 1  
2 . 5 . 7 4 1 9 . 7  1 0 . 6 0 . 54 
1 . 1  . 59 2 6 . 2 1 5 . 5  0 . 4 6 
0 . 5 . 6 5  2 3 . 0  1 2 . 8 0 . 4 7  
0 . 4  l .  70  1 Cl . 2 1 1 . 0 l .  2 1  
0 . 9  l .  5 2  1 6 . 0  8 . 0  0 . 9 5  
RAT IO 
Sa to 
S i+ C l  
0 . 4 7 
0 . 5 9 
0 . 7 4 
0 . 98 
O . H 6 
0 . 5 7  
0 . 5 7  
0 . 28 
0 . 5 5  
l . )  
2 . 0  
...... 
V1 ...... 
Taxonomic Clas s : 
Pedon Desc rip t ion : 
1 5 2  
Vi rkula - S i t e  # 7 5  
Fine , montmo rilloni t ic , Typ ic Eutrobo ral f s  
Vi rkula s il t  loam ,  9 %  concave gras sed f oo t s lo p e , 
asp e c t 1 5° N az imut h ,  under a mod e ra t e  fores t  
canopy o f  p onderosa p ine a t  1 5 24 me ters  elevat ion , 
S� , Sec . 1 0 ,  T l S , R5 E ,  Penning ton County . ( Co l o rs 
a re f o r  d ry soil unl es s o therwise s ta t ed ) . 
A 0-Jcm ; very dark gray i s h  brown ( 1 0Y R3 / 2 ) s il t  loam , b lack 
( 10YR2 / l )  mo is t ; weak f ine g ranular s tr uc ture ; so f t ,  very 
f ria b le ; many very f ine to  f ine roo ts ;  very s trongly ac id ; a b rup t 
smo o t h  bounda ry . 
E 3- 2 2 c m ;  p ale b rown ( 1 0YR6 / 3 )  s il t  l oam, dark b r own ( 1 0YR4 / 3 ) 
mo is t ;  weak very f ine s ubangular b locky and wea k  very f ine 
granular s t ruc t ure ; s o f t , very f ria ble ; many very f ine to f ine 
ro o t s ; s t rongly acid ; c lear wavy boundary . 
B t l 2 2-64cm ; b rown ( 7 . 5YR5 / 4 )  s il ty c lay loam ,  da rk b r own ( 7 . 5YR4 / 4 )  
mois t ;  s trong f ine and medium s ubangular b lo cky s truc tur e ; 
s li ghtly ha rd , f r iable ; c ommon fine and medium roo ts ; thin c lay 
f ilms on faces of p eds ; s trongly ac id ; clear wavy bounda ry . 
B t 2  64- 7 8 cm ; l i gh t yellowish b rown ( 1 0YR6 /4 )  silty clay loam , dark 
yell owis h  b rown ( 10YR4 / 4 )  mo is t ;  mod era te very f ine s ub angular 
b lo c ky s t ruc t ure ; s l i gh t ly ha rd , friab le ; few very f i ne roo t s ; 
thin clay f ilms on f aces o f  p eds ; s trongly acid ; c lear wavy 
b o undary . 
C 7 8 - !00
+
cm , b r own ( l OYRS / 3 )  loam , brown ( 1 0Y R5 / 3 )  mo i s t ;  mas s ive ; 
s li g h t ly ha rd , f riabl e ; 1 0% b y  volume coarse f ragmen t s  o f  s la t e ; 
moderat ely acid . 
Remarks : Coars e f ra gmen t s  o f  slate no t encoun tered unt i l  90  em dep th . 
1 5 3  
Virkula S i te - # 7 1  
Taxonomic Clas s : Fine , montmo r il l oni t ic , Typi c  Eutr obo ralf s 
Peden Des c rip t io n : Vi rkul a s il t  loam ,  9% slop e , aspe c t  3 0 9 °N az imuth ,  
under a dens e f o re s t  c anop y o f  p onderosa p ine a t  
14 6 3  me t e r s  eleva t ion , N�, S ec . 1 3 , T I S ,  RS E ,  
Pennington County . ( Colors are fo r dry so il  
unless o therwise s tated ) . 
Oe 2-0cm ; p a r t ially decomp o sed and decomposed p ine nee d le s  and 
l i t t e r . 
A 0- 2 cm ;  very d ark gray ( l OYRJ / 1 )  s_il t loam ,  b l ac k  ( 1 0YR2 / l) mo is t ;  
weak very f ine granular s truc ture ; so f t , very f r iab le ; many ve ry 
f ine to med ium roo t ; s t rongly ac id ; abrup t wavy bounda ry . 
E 2 - l S cm ;  p al e  b rown ( 1 0YR6 / 3 )  s i l t  loam , dark yel l owis h  b r own 
( 10YR4 / 4 )  mo i s t ; weak med ium platy p art ing to med ium f ine 
subangula r b locky s t ruc ture ; s o f t , ve ry fr iab le ; c ommon very f ine 
to few f ine ro o t s ; s trongly acid ; cl ear wavy bounda ry . 
Bt l 1 5- 4 l cm ;  b rown ( 7 . 5YR5 / 4 )  s il ty clay loam ,  dark b rown ( 7 . 5YR4 / 4 )  
moi s t ;  s trong ve ry f ine and f ine subangular b locky s truc t ur e ; 
s li g h t ly ha rd , f r iable ; few very fine to f ine roo ts ; t hin clay 
f ilms on faces o f  p ed s ; s trongly acid ; clea r  wavy b oundary . 
B t 2  4 1 - S S cm ;  l i ght ye llowish brown ( l 0YR6 / 4 )  sil ty c lay loam ,  dark 
yellowish b rown ( 1 0YR4 / 4 )  mo is t ; moderate fine subangular b locky 
s t ruc ture ; sl igh t ly hard , f riable ; few fine roo ts ; thin c lay 
f ilms on faces  o f  s ome peds ; s t rongly acid ; clear wavy b oundary . 
C 5 5 - 7 5
+
cm ; g ray i s h  b rown ( 2 . 5YRS / 2 )  channery loam ,  dark gray i s h  
b rown ( 1 0YR4 / 2 ) mo is t ; mas s ive ; s o f t , f riable ; 20% by volume 
coarse f ragmen ts o f  slate ; moderately ac id . 
Rema rks : The A h o r i z on thicknes s varies f rom 0 . 5  t o  3 em ac ross  face 
of  p edon . 
SO IL IIOR I ZON 
A 
V i r ku l a  E H t l 
f H :! 
11 7 5  c 
A 
V i r k u l a  E 
B t l 
11 7 1  
IH '!. 
c 
SO I L  HOR I ZON 
A 
V i r k u l a  E 
B t l 
11 7 5 
B t 2  
c 
V i rku l a  A 
E 
11 7 1  
Bt l 
B t 2  
c 
PART I CLE S I Z E  (% of TOTAL) CLAY 
O El'TII --- TOTAL --- -- SANO FRACTION --- S I LT FRACT I ON C .  F RAr. . RAT IO 
(em) S a nd S i l t  C l ay vc c 
l)- J  1 8 .  l 6 6 . t!  1 5 .  1 u .  7 L . 5  
' }- 2 2  28 . 6  5 9 . 7 1 1 . 7  o . .; l .  b 
2 2 -64  1 0 . 7 5 3  . I  3 6 . 2  0 .  1 0 . 4  
64 - 7 8 J 4 · '' 5 4 . 6  1 1 . 0  0 . 3 0 . 3 
7 8 - l O u+ 26 . I 4 7 . 5  2 6 . 3  l) . 3 J . f, 
0- 2 1 1 . 3  7 1 .  1 1 7 .  7 0 . 3  0 .  7 
2 - 1 5 1 4 . 2  64 . ll 2 l . J  0 .  7 0 . 9 
I '> -- !, }  7 . 6  5 4 . 7  ) i . il  0 . -i 0 . 4 
4 1 - 5 5  6 . 3 SE L 2 3 5 . )  0 .  2 0 . 4  
5 5 - 7 5  2 7 .  l L, 8 .  6 2 4 . 2  1 . 7 3 .  I 
EXTRACTABLE BASES CEC 
Ca Hg 
2 7 . 4  ) . Y  
3 . 5  1 . 2 
1 2 . 5  4 . 5  
1 2 .  l 4 . 5  
1 2 . 9  4 . 5  
4 1 . 4  5 . 2  
R . 6  L Y  
1 7 . 0  2 . 9  
1 7 . 4  2 . 9  
1 4 . 4  1 . 4 
Na K (NI I4 0Ac ) p H  cmo l  ( p+) kg- 1 ___ ( l : l )  
. 0  . 6  3 9 . 8  4 . 8 
t r  . 2 1 1 . 9 5 . 3 
. 0  . 4 20 . 8  5 . 4  
t r . . 3 1 8 . 5  5 . 6 
t r  . 3 1 6 . 7  5 . 6 
. 0  . 6  5 '!. . 0  5 . l  
. 0  . 2 1 3 . 6 5 . 4  
. 0  . 4  22 .  J 5 . 4 
. 0  . 3 2 2 . 0  5 . 5  
. 0  . 3 1 7 . 4 5 . 8 
H F V F  c H F % by Vo l . Bt / E  
4 .  l 6 . 2  5 . 7  3 1 . 5  2 8 . 0  7 . '3 -
6 . /1 9 . 7  1 0 . 4  )8 . 0  1 8 . 0  L l  -
1 . 6 2 . 5  6 . 2  n . s  1 5 .  l t, .  5 - 3 . 0  
1 . 8 ::! . S  9 . 3  3 2 . 5  1 6 . 2  h . O  
5 . 5  7 . )  1 1 . 6 2 6 . 5  1 5 . 3  5 .  7 1 0  
1 . 6 2 . 7  6 . 0  3 7 . 0  2 5 . 7  8 . 4 -
2 . 0  3 . 7 (, . 9 4 4 . 6  1 5 . 8  4 . 0  
0 .  7 1 . 5 '· . 5 3 7 . l 1 1 . 0 6 . 5  - 1 . 7  
0 . 6  1 . 4 3 . 7  ld . 4  1 2 . 4  4 . 4  -
6 . 7  8 . 3  7 .  3 23 . 9  1 5 . 3 4 . 4 2 0  
fl111 HATER CONTENT RATIO 
OH CaCOJ RAT I O . 03 �1Pa 1 . 5 HPa 1 . 5  HPa 
% i. CEC / C l a y  -- % -- t o  C l a y  
9 . 1 2 . 6 4  l, 4 . 0 3 5 . ]  2 . 3 4 
1 . 4 1 . 0 2  :w . 8  5 . 4  0 . 4 6  
0 . 6  . 5 7 2 6 . 3  1 4 . 3 0 . 4 0 
0 . 5 . 60 26 . 1  1 3 . 3  0 . 3 7 
0 . 5  . 6 3  2 2 . 9  1 1 . 5 0 . 4 4 
8 . 0  2 . 94 5 7 . 6  4 4 . 2  2 . 5 0 
1 . 6 . 6 4 2 1 . 1 8 . 6  0 . 40 
0 . 9  . 5 9 2 6 . 3 1 6 . 2  0 . 4 3  
0 .  7 . 6 2 2 6 . 6  1 4 . 7  0 . 4 1 
0 . 5 . 7 2 2 2 . 5  1 0 . 7 0 . 4 4  
RAT IO 
Sa t o  
S i+Cl 
o . n  
0 . 4 0 
0 . 1 2 
0 . 1 7  
0 .  3 5  
0 . 1  '3 
0 . 1 7 
0 . 08 
0 . 07 
0 . 3 7 
....... ln .p.. 
Taxonomic Clas s : 
Pedon Descrip t io n : 
1 5 5 
S tovho ( t axaj unc t )  - S i te #4 6 
Fine , montmo r il lonitic , Typ i c  Cryobo ral f s  
S tovho s il t  loam, 1 1 %  s light ly concave s lope , 
asp ect  2 38°N az imuth , under a mod era tely dense 
fo r e s t  c anopy of ponderosa p·ine at 2 ,  0 1 8  meters 
eleva t ion , NW� of  S e c . 3 3 ,  T 2 S , R3E ,  C us te r  
Co un ty . ( Co l o r s  are for  day s o il unl e s s  o the rwis e 
s ta te d ) . 
Oe 2-0cm ; par t ia ll y  decomposed and decompos ed fores t l i t ter . 
E 0- 1 2 cm ;  b rown ( l OYRS / 3 )  s il t  loam, da rk b rown ( 1 0YR4 / 3 )  mo is t ;  
weak med i um pla ty p a r t ing to weak f ine subangula r b lo cky 
s t ruc ture ; sl i gh t ly har d , f r iable ; common f ine and med i um  roo ts ;  
mo dera t e ly a c id ; c lear wavy b oundary . 
B t l  l 2 - 20cm ;  b rown ( 7 . 5YRS / 4 ) s il ty clay , dark b rown ( 7 . 5YR4 / 4 )  
mo i s t , and dark b rown ( 7 . 5YR4 / 2 )  coat ings o n  faces o f  p e d s ; 
s t rong ve ry f ine b locky s truc ture , hard , f i rm ;  few f ine and 
med ium roo t s ; modera tely a c id ; c lear wavy b oundary . 
B t 2  2 0- 3 7 cm ; b r own and l ight b rown ( 7 . 5YR5 / 4  and 6 / 4 )  s i l ty clay , 
dark yel l owish b rown ( 1 0YR4 / 4 )  mo ist , and dark b rown ( 7 . 5YR4 / 2 ) 
coa t ings on faces o f  peds ; st rong f ine blocky s t ruc t ure ; hard , 
f i � ; 5 %  by vo l ume f ragmen ts  o f  l imes t one ; few medium roo t s ; 
s l ightly acid ; clea r  wavy boundary . 
C 3 7-4 5Tcm ; b rown ( l OYRS / 3 ) very s t ony s il ty clay loam , b rown 
( lOYRS / 3 )  mo i s t ; mas s ive ; s l ightly hard , f r iable ; 6 0 %  b y  volume 
lime s t one fragmen ts ; violen t  e fferves cence ; mildly alkaline . 
Taxonomic Cl as s : 
Pedon Des cr ip t ion : 
1 56 
S tovho ( Taxaj unc t )  - S i t e # 1  
Fine , mon tmo rilloni t ic , Typ ic C ryoboral f s  
S tovho s il t  loam , 1 0% s l ightly c oncave s lope , 
asp e c t  2 1 8
°
N a z imuth , within a g ra s s ed clearing o f  
a p onde rosa p ine fore s t  at  2 0 7 3  me ters eleva t ion , 
SW�, Se c .  30 , T 1 S , R3E , Penning ton County . 
( Co lors  are for dry so il unles s o t herwi s e  s t a t ed ) . 
E 0- 1 5 cm ;  light b rown i s h  gray ( 1 0YR6 / 2 ) s il t  loam , da rk b r own 
( 10YR4 / 2 )  mo i s t ;  weak f ine g ranular and s ubangular b lo c ky 
s truc tur e ; s o f t , fr iab le ; 5 %  by volume coarse fra gment s  o f  
lime s t one ; many very fine to f ine roo ts ; s t rongly ac id ; clear 
wavy b o unda ry . 
B t  1 5- 38cm ; brown ( 7 . 5YR5 / 4 and 5 / 2 )  s il ty c lay , da rk b rown 
( 7 . 5YR4 / 2 )  mo is t ,  and dark b rown ( 7 . 5Y R3 / 2 )  c o a t ing s on faces  o f  
p ed s ; s t rong medium b locky s t ruc ture ; hard , f irm ; 5 %  b y  vo lume 
coarse fragmen ts  of l imes tone ; c ommon very fine to f ine r o o t s ; 
modera t e l y  a c id ; clea r wavy boundary . 
BC 1 38- 48cm ; b rown ( l OYRS / 3 ) s i l ty clay l oam , dar k  y el l ow i s h  brown 
( 10YR4 / 4 )  mo i s t ,  and dark g rayish b rown ( 1 0YR4 / 2 ) c o a ting s  on 
faces of  s ome p eds ; s l igh tl y  ha rd , f r iable ; 1 0% b y  vo lume c oa r s e  
f ragme n t s  o f  l ime s t one ; common f ine roo ts ; s t rong e f f erve s c enc e ; 
mil dly alkal ine ; clear wavy b ounda ry . 
BC2  4 8- 66cm ; pal e  b rown ( 1 0YR6 / 3) g ravelly s il ty clay l oam ,  b rown 
( lOYRS / 3 ) mo is t ; weak very f ine s ubangular b locky s t ruc ture ; 
s lightly hard , f riable ; 1 5 %  b y  vo lume c oa rse f ragment s o f  
lime s to ne ; few f ine roo ts ; violent efferves cence ; mildly 
alkal ine ; abrup t wavy boundary . 
C 6 6-80
+
cm ; very pale b rown and redd i s h  yellow ( 1 0YR7 / 3  and 
7 . 5YR6 / 6 )  very g ravel ly s il ty clay l oam , light  yellowi s h  b rown 
and brown ( 10YR6 / 4  and 7 . 5YR5 / 4 )  mo is t ;  mas s ive ; 4 5 %  b y  vol ume 
coarse f ragme n t s  o f  l ime s t�:>ne ;  violent e ff e rve s c ens e ; mildly 
alkal ine . 
Remarks : Thin l en s e s  o f  A ho r i z on p resent b u t  too int ermi t t en t  to  
samp l e . 
Evidence o f  B t  h o r i z on ma t e r ial t rans p o r t ed into  C ho r i z o n  
v i a  p edo genic  c racks . 
SO I L  HOR I ZON 
S t ovho  E " t l 
B L L  
/1 Lt 6 c 
S t o v l l o  E B t  
HC I 
Il l  BC 2 c 
S I H L HOR I ZON 
E S L ovho 
l.I L 1 
B t 2 
/1 4 6  c 
S t ovho E li t  
BC J 
1.' 1 HC2 
c 
PART I CLE S I Z E  (Z o f  TOTAL) CLAY 
UEPTII --- TOTAL --- -- SAND F RACT ION --- S I LT FRACT I ON C .  FRAG . RAT I O  
( e m )  Sand S i l t  C l a y  v c  c 
0- 1 2  7 . 5  68 . l 2 4 . 4  0 . 1 ( ) . l 
1 2 - 20 9 . 0  4 5 . 5  -'! 5 . )  0 .  l 0 . 1 
2 0
-
- '3 7  6 . 9  4 9 . 1 4 4 .  () 0 .  1 0 . 1 
37 -'· 5+ 1 2 . 0  4 9 . 0  1 9 . 0  3 . 7  2 . 4  
0- 1 5  7 .  7 7 2 . 2  1 9 . 6 0 . 4 0 . 4  
1 5 - 38 5 . 6  4 1 ) . 0  5 4 . 4  0 . 3  0 . 3  
3 8 - 4 8  9 . 1 4 4 . 9  4 6 . 0 0 .  7 0 . 5 
4 8 - 6 6  1 7 . 4  4 0 . 9  4 1 . 7  1 . 2 0 . 9  
66-so+ 1 9 . 0 3 6 . 1 4 4 . 9  1 . 6 1 . 3  
EXTRACTABLE BAS ES C EC 
Ca Mg 
1 2 . 6 4 . 5  
1 8 . 3  8 . 7  
L6 . 7 l). 5 
8 . 1  1. . 7  
2 7 . 9  1 0 . 9  
N a  K ( N H40Ac ) pl l  
cmo l ( p+ ) kg- 1 --- ( 1 : 1 )  
. 0  . 3 1 8 . 2  5 . 6  
. 0  . 6  3 2 . 5  5 . 8  
. u  . 5 3 L . 7  6 . 5  
. 0  . 3 26 . 7  7 . 4 
. 0 . 3 1 lt .  7 5 . 2 
. 0  . 8  36 . 4  5 . 7  
. 0  . 2 2lt . 9 7 · '•  
. 0  . 2 1 9 . 0  7 . 5  
. 0  . ) 2 2  . l  7 . 5 
H F V F  c H F % by Vo l .  B t / E  
0 . 4  0 . 8  6 . l  4 1 . 6  2 0 . 3  6 .  l 
0 . 2  0 . 7  7 . 8 26 . I 1 3 . 9  5 . o  - 1 . 8 
0 .  2 0 . 4  6 . 1 2 8 . 5  1 5 .  L, 5 . 2  5 
1 . 5 0 . 8  ) . 6  2 4 . 9  1 7 . 9  6 . 2  60 
0 . 6  1 . 5 4 . 7  4 3 . 9  2 3 . 0  5 .  7 5 
0 . 4 1 . 4  3 . 3  2 l . 8 1 2 . 7  5 . 5  5 2 . 8 
0 . 6  3 . I  4 . 2  2 1 . 2  1 6 . 9  6 . 8  1 0  
1 . 0  5 . 5  8 . 8  2 0 . 7  1 3 . 2  7 .  0 1 5  
1 . 3 7 . 2  7 .  7 2 1 . 8 1 0 . 5 1 . 8  4 5  
Elm \JATE:t CONTENT RAT IO 
OM CaC03 RAT IO . 03 MPa 1 . 5 MPa 1 . 5 HPa 
% % C EC / C l a y  -- % --- t o  C l a y  
1 . 9 0 .  l . 7 5 2 8 . 7  1 ' ' I - · �  0 . 5 1  
2 . 0  0 .  1 . 7 1 3 3 . I 20 . I 0 . 44 
1 . 3  0 . 3  . 7 2 3 4 . l 2 0 . U  0 . 1, 5  
1 . 4 2 1 . 5  . b8 30 . 7 1 6 . 6  0 · '· 3  
2 . 0 . 7 5  2 4 . 7  9 . 3  0 . 4 7 
1 . 2 0 .  2 . 6 7  36 . 3 2 3 . 6  0 . 4 3 
1 . 6 23 . 8  • Sit 2 9 . 8  1 6 . 8 0 . 1 7 
1 . 1  4 7 . 6  . 4 6 2 4 . 3  1 '· . () . 0 . 3 4 
(J . 9 5 6 . 4  . 4 9 2 5 . 2  1 4 . 8  0 . 3 3 
RAT IO 
Sa t o  
S i +C l  
O . OH 
0 . 1 0  
0 . 0 7 
0 . 1 4  
0 . 08 
0 . 06 
0 . 1 0  
0 . 2 1  





T rebo r ( t axaj unc t )  - S i t e #5 
Taxonomic Clas s : Clayey- s kele tal , mixed , Typ ic C ryobo ral f s  
Pedon Descrip t ion : Treb o r  ver6 flaggy s il t  l oam, 7%  c onvex s lope , 
asp e c t  2 0 7  N a z imuth , under a s p ar s e  f o res t canopy 
of p ondero sa p ine a t  2 , 0 7 3  met e r s  e levat ion , sw� 
o f  Sec . 30 , T l S , R3E , Penning ton Coun ty . ( Colors  
are for dry s o il unl ess  o the rwis e  s ta ted ) . 
Oa 3-0cm ; decomp o s e d  and part ial ly decomposed fores t l i t t er . 
E 0 - 3 cm ; dark g ray i s h  b rown ( 1 0YR4 / 2 ) very flaggy s il t  l oam , very 
dark gray i s h  brown ( l OYRJ / 2 ) mo is t ;  weak medium p la ty s t ruc ture 
p a r ting to weak ve ry fine s ubangular blocky ; s l ight ly hard ; 
f riable ; 35%  by vol ume f ragment s  o f  l imes tone ; many very fine and 
f ine roo t s ; moderat ely ac id wavy boundary . 
B t  3- 30cm ; da rk b rown ( 7 . 5YR4 / 4 )  ex treme ly flaggy sil ty clay , dar k  
brown ( 7 . 5YR3 / 2 )  mo is t ; and dark b rown ( 1 0YR3 / 2 )  c oa t ings  o n  
faces o f  some p eds ; s t rong very f ine b l ocky s t ruc t ure ; hard , 
firm ;  6 5 %  by  vo l ume f ragments  o f  l ime s t one ; c ommon very fine and 
medium roo ts ; neu t ral ; abrup t wavy boundary . 
BC 30- 3 7 cm ;  gray i s h  b rown ( l OYRS / 2 )  extremely flaggy s il ty c lay 
loam , dark gray i s h  b rown ( 1 0YR4 / 2 )  mois t ; weak ve ry fine 
sub angular b loc ky s t ruc ture ; sl ightly ha rd , f riab le ; 80% by 
volume c oarse f ragmen ts of l imes t one ; c ommon very f ine to few 
med ium r oo t s ; s trong e f fervescenc e ; neu tral ; abrupt wavy 
b oundary . 
C 3 7 -45
+
cm ; p al e  brown and ve ry p ale b r own ( 1 0YR6 / 3  and 7 / 4 )  
extremely fla ggy s il ty loam ,  b rown and l i gh t  yellow i s h  b r own 
( l OYRS / 3  and 6 / 4 )  mo is t ; mas s ive ; s l igh t ly hard , f r iable ; 80% by  
vol ume coarse fra gment s  of  l ime s t one ; few med i um  roo t s ;  v iolent 
e f f erves c ence ; mil dly alkal ine . 
Remarks : Dark gray i sh b rown ( 1 0YR4 / 2 ) coa tings ( o rg ans ) surrounding 
s ome roo ts in BC and C horizons . 
Taxonomic Clas s : 
Peden Descrip t ion : 
1 5 9  
Trebo r ( t axaj unc t )  - S i t e #8 
Clayey- s ke l e tal , mixed , Typ ic C ryo b o ra l f s . 
Treb o r  ext remely s tony s il t  loam ,  1 1% s lig ht ly 
convex slope , a sp ec t 2 5 3 °N az imu t h , unde r  a d ens e 
fo re s t  canopy o f  p onde rosa p ine a t  2 0 7 3 me t e r s  
e l eva t ion , SW� ,  S e c t . 3 0 ,  T l S , R3E , Penn ing ton 
Coun ty . ( Co l o rs a re for dry s o il unle s s  o the rwise 
s ta t ed ) . 
Oe 2-0cm ; pa r t ially decomp o s e d  and decompo s e d · p ine needles and 
l i t t e r . 
E 0- 7 cm ;  brown ( 7 . 5Y r5 / 2 )  e xt reme ly s tony s i l t  lo am , dark b rown 
( 7 . 5YR4 / 2 )  mo is t ;  weak medium p la ty s t ruc t ure ; s o f t , ve ry 
f riable ; 7 0 %  by vo lume coarse - f ragment s of l ime s tone ; common f ine 
to me dium roo t s ; ve ry s t rongly ac id ; c lea r wavy b ounda ry . 
B t  7-28cm ; dark b rown ( 7 . 5 YR4 / 4 )  ext reme ly s tony s i l ty c lay , dark 
b rown ( 7 . 5YR4 / 4 )  mo is t ,  and dark b rown ( 7 . 5YR4 / 2 ) c o a t ings on 
faces of s ome peds ; s trong f ine b locky s t ruc ture ; s l i gh t ly ha rd , 
f riable ; 8 0 %  b y  vo lume coarse f r a gmen t s  o f  l imes t one ; common f ine 
to me d i um  r oo t s ; neut ral ; abrup t irre gular bounda ry . 
C 2 8- 4 0
+
cm ;  g rayis h  b rown ( l OYRS / 2 ) extremely s t ony s il ty c lay 
loam , dark yellowis h  b rown ( l 0YR4 /4 ) mo is t ;  mas s ive ; s o f t , ve ry 
f r iab le ; 90% by vo lume coarse f r a gment s  of l ime s t one ; f ew f ine 
roo t s ; vio l en t  e f f e rvescenc e ; neu tral . 
Remarks : Raw o rganic ma t t e r  has b een t rans p o r ted int o  the C h o r i z on 
via c rac ks b e twee n  coarse f ragmen t s . Da rk b rown humus and 
B t  ma t e rial al so trans p o r t ed into C h o r i z on via c racks . 
The r f o re 7 . 5YR4 / 4  · colors also p resent in C .  
Inte rmi t tent B E  ho rizon with color o f  l OYRS / 4  o b s e rved but 
too thin t o  samp l e . 
so u, IIOH I ZON 
T r <:! bn r  E B L  
11 5  uc 
c 
T r e h o r  E 
11 8 U t  c 
SO I L  HOR I ZON 
Trebor  E 
B t  
/1 5  BC 
c 
Tr el>o r E 
H t  
11 13  c 
PARTICLE S I Z E  (% of TOTAL ) CLAY 
I>EPTII --- TOTAL --- -- SAND FRACTION --- S I LT FRACT I ON C .  F RAr. . RAT I O  
(em ) Sand S i l t  C l a y  v c  c 
0-j 5 . 2  68 . 6  26 . :.!  0 .  2 l l . �  
) - ')0 5 . 2  4 6 . 2  �� . 6  0 . 3  0 . 2  
l0- 3 7  6 . 4  5 7 . 9  3 5 . 7  U . l ( ) .  3 
3 7 - 4 5 + 1 3 . 5  6 9 . 1  1 7 . � l . H 1 . 6 
0- 7  7 .  l 7 5 . 5  1 7 . 4  0 . 4  0 .  4 
7 - 213 4 . 3  4 !  • .  5 5 1 . :.!  0 . 3 0 . 4  
2 8 - 4 0
+ 1 6 . 8 5 2 . 3  30 . 9  3 .  I 4 . 6  
EXTRACTABLE BASES CEC 
Ca Hg 
2 2 . 6  9 . 5  
3 1 . 0  1 6 . 7  
1 2 .  l 1 . 2  
4 7 . 0 l . O  
Na K ( NH40Ac ) pll 
cmo l ( p+ ) kg- 1 --- ( 1 : 1 ) 
. 0  . 6  J O . O  5 . 13  
. 0  . 6  39 . 0  7 . 0  
. 0  . 1  J2 . 5 7 . 2  
. 0  . 1  1 9 . 6  7 . 4  
. o  . 4  1 8 . )  4 . 9  
. 0  . 6  4 3 . 6  6 . 9  
. 0  . ) 1 2 . 7  7 . 0  
H F VF c H F �� by Vo l .  B t / E  
0 . 2  0 . 6  4 . 0 3 5 . 1 2 3 . 7  9 . 8  3 5  
0 . 2 0 . 4  4 .  1 '4 . 0  3 1 . 2  l l  . I) 6 5  1 . 9 
0 . 1 0 . 5 5 .  l l.Cj . 4  1 7 .  7 1 0 . 8  8 0  
0 .  2 0 . 5  9 . 4  5 0 . 9 1 6 . 3 2 .  0 8 0  
0 . 3 0 . 8  5 .  I 4 3 . 5  '1. 4 . 4  7 . 6  7 0 
0 . �  0 .  7 2 . �  1 8 . 7 1 6 . 8  9 . 0  80 2 . 9  
5 . 2  1 . 3 2 . 6  2 '!. . 4  1 5 . 2  I � .  7 90 
Gtn HATER CONTENT RAT IO 
OM CaC03 RATIO . 03 HPa 1 . 5 HPa 1 . 5 HPa 
% % CEC /Clay -- % --- to Clay 
5 . 7 0 . 2 l .  1 5  3 -'1 . 0  1 9 . 3  0 .  7 4  
3 . 5  2 . 6  . 80 34 . 7 24 . 5  0 . 50 
4 . 3  4 6 . 4  . 9 1  3 3 . 6  2 1 . 7  0 . 6 1 
4 . 2 7 4 . 2  l . U  2 8 . 5  1 5 . 0  0 . 86 
4 . 5  0 . 2  1 . 05 28 . 7  1 2 . 9 0 . 7 4 
4 . 2  0 . 5 . 8 5  3 7 . 7 2 6 . 5  0 . 5 2 
5 . 2 1 6 . 7  1 . 05 33 . 1  2 1 . 3  0 . 6 9 
RAT iO 
Sa to 
S i +C l  
0 . 05  
0 . 05 
0 . 0] 
0 .  1 6  
0 . 08 
0 . 04 




l ,  
Taxo nomic Clas s : 
Peden Desc rip t ion : 
1 6 1  
Vanocke r - S i t e  U ! 9  
Lo amy s ke l e tal , mixed Typ ic E u t ro b o ra l f s  
Vanacker channe ry s il t  loam ,  1 5% no r th- fac ing 
s lop e , asp e c t  3 3 0°N a z imuth , unde r  a mod era t e  
fore s t  canop y  o f  p onde rosa p ine a t  1 , 6 1 8  me t e r s  
e l eva t ion , NE� o f  Se c .  3 1 ,  TJS , R2 E , C us t e r  
Coun t y . ( Co l o rs a re for dry s o il unle s s  o therwise 
s t a t ed ) . 
Oe 3 t o  Ocm ; p a r t ially dec ompo sed p ine needl e s , twig s  and gras s .  
A 0 to 8cm ; da r k  gray i s h  b r own ( l 0YR4 / 2 ) channe ry s i l t loam ,  very 
dark g ray i s h  b rown ( 1 0YR3 / 2 ) mo is t ;  mode ra te f ine s ub an gul a r  
b lo c ky s t ruc t ure ; s l i gh t ly hard ; fr iab le ; 2 0% b y  vo lume l ime s t one 
fragmen t s ; common f ine to med ium ro o t s ; s li gh t ly ac i d ; abrup t 
wavy b o unda ry . 
B t  8 t o  1 l cm ; b rown ( 7 . 5YR5 / 4 )  very channery c lay loam , dark b rown 
( 7 . 5YR4 / 4 )  mo is t ; moderate f ine s ubangular b l ocky s t ruc t ur e ; 
ha rd , f irm ;  3 5 %  by vo lume l imes tone f ragmen t s ; c ommon f ine t o  
med i um ro o t s ; ve ry s l ight e f f erve s c ence ; neut ra l ; ab rup t wavy 
boundary . 
B C l  1 1  to 1 7 cm ; b rown ( l OYRS / 2 ) very channe ry c lay loam , da rk b r own 
( 7 . 5YR4 / 2 ) mo i s t ; weak fine s ubangular b l ocky s t ruc t ure ; ha rd , 
f irm ;  4 0 %  by vo l ume l imes tone fragments ; f ew f ine to medium 
roo t s ; s t rong e f f e rve s c ence ; mildly alkal ine ; clear wavy 
b o unda ry . 
B C 2  1 7  to 30cm ; l ig h t  g ray ( 1 0YR7 / 2 )  ve ry c hanne ry loam ,  b rown 
( l OYRS / 3 )  mo is t ; s l ight ly ha rd , f r iab l e ; 4 0 %  b y vo l um e  l ime s t one 
f ra gments ; f ew f ine t o  medium roo t s ; violent e f f erve s c enc e ; 
mil dly a l ka l ine ; clear wavy boundary . 
2 C  3 0- S O
+
cm ; p inkish g ray ( 7 . 5YR7 / 2  and S YR7 / 2 )  ve ry channery l o am ,  
l ig h t  red d i s h  b rown and reddish g ray ( SYR6 / 3  and 5 / 2 ) mo i s t ;  
weak ve ry f ine s ubangul a r  b locky s t ruc ture ; s l i gh t ly ha rd , 
f riab le ; 5 0 %  by volume lime s t o ne f ragmen t s ; f ew f ine roo t s ;  
violent e f f e rve s c enc e ; mil d ly alkal ine . 
Taxonomic Cla s s : 
Peden De s c rip t ion : 
1 6 2  
Vanocke r  - S i t e  #4 1 
Loamy- skel e t al , mixed , Typ ic E u t ro b o ra l f s . 
Vano cke r  l oam , 22%  sou t h- fac ing s lope , asp e c t  
3 2 0°N az imuth , under a dens e f o r e s t canopy o f  
ponderosa p ine a t  1 , 5 8 5  me t e rs e l eva t ion , NW� , 
S e c t . 3 1 , TJS , R2 E ,  Cus ter Co unty . ( Co lors are 
f o r  d ry so il unl e s s  o t he rwise ind i c a t e d ) .  
Oe 3-0cm ; pa r t ia l l y  decomp o sed and dec ompo sed p ine nee d l e s  and 
twi gs . 
A 0- Scm ; ve ry da rk gray i s h  b r own ( 1 0YR3 / 2 ) , b lack ( 1 0YR2 / l )  mo i s c ; 
weak ve ry f ine subangula r b l o cky and granula r  s t ruc ture ; so f t ,  
ve ry friab l e ; c ommon v.e ry f ine roo t s ; mod e ra t ely a c id ; a b rup t 
wavy b o unda ry . 
E 5 - 7cm ; b rown ( 7 . 5YR5 / 2 )  l oam ; dark b rown ( 7 . 5YR4 / 2 )  mo is t ;  weak 
ve ry fine s ubangula r b locky s t ruc ture ; so f t , ve ry friable ; c o mmon 
ve ry fine to f ine roo ts ; ne ut ral ; ab rup t wavy b ounda ry . 
B t  7 - 1 2cm ; b rown ( 7 . 5YR5 / 4 )  ve ry fl aggy c l ay l oam , dark b r own 
( 7 . 5YR4 / 4 )  mo i s t ; ve ry dark g rayi s h  b rown ( l OYRJ / 2 )  c o a t ing s on 
faces of s ome peds ; modera t e  f ine s ubangul ar b l oc ky s t ru c t ure ; 
s l i gh t ly ha rd , f riable ; 3 5 %  by vol ume c oa r s e  fragmen t s  o f  s andy 
l imes tone ; common ve ry f ine to f ine roo t s ; ve ry s l i g h t  
e f f e rve s c ence ; ne u t rai ; ·  a b rup t  wavy b o undary . 
BC l 1 2- l ? cm ;  g =ay i s h  b r own ( l OYRS / 2 )  ve ry fla ggy c lay l oam;  dark 
g ray i s h  b rmm ( 1 0YR4 / 2 )  mo is t ; mo derate very f ine ar�d f ine 
subangular b l o c ky s truc t u re ; s o f t , very f riab le ; 4 0 %  by vo lume 
coa r s e  fragme n t s o f  sandy l imes tone ; common ve ry fine to f ine 
roo t s ; viol en t e f ferve scence , mil d ly alkal ine ; clear wavy 
bounda ry . 
B C 2  l 7- 29 cm ;  l igh t b rownis h  g ray . ( 1 0YR6 / 2 )  very f la ggy clay l oam ; 
b rown ( 1 0YR4 / 3 )  mo i s t ;  weak ve ry f ine and f ine subangular b locky 
s t ruc t ure ; so f t , ve ry f riab le ; 60% b y  vo l ume coarse f ra gmen t s  o f  
sandy l imes t one ; c ommon very fine t o  fine roo t s ; vi o l en t  
e f f e rves c ence ; mil d ly a l ka l ine ; clear wavy boun da ry . 
C l  2 9 - 4 6 cm ; l igh t b rowni sh g ray ( 1 0YR6 / 2 )  ve ry s t ony c l ay loam ; 
b rown ( 1 0YR4 / 3 )  mo i s t ;  ma ss ive ; s l i gh t ly hard , friab l e ; 7 5 %  b y  
vo l ume coarse fragmen t s  o f  sandy l ime s tone ; c ommon f ine t o  f ine 
me dium roo t s ; v · o le n t  e f f erve scence ; mil d ly a l ka l ine ; ab rup t wavy 
b o unda ry . 
2 C 2  4 6- 6 0
+
cm ; l ig h t  g ray and whi te ( l OY R? / 2  and 8 / 1 )  e x t r emely s t ony 
sandy clay loam ;  b rown and ve ry pal e b rown ( l OYRS / 3  and 7 / 4 )  
mo i s t ; ma ss ive ; s o f t , very f r iabl e ; 7 5% b y  vo l ume coars e  
f ragme n t s  o f  sandy l ime s t one ; violent e f f erve s c enc e ;  mil d ly 
a l ka l ine . 
1 63 
Vana cker - S i t e  #4 1 ( c ontinued ) 
Rema rks : The A ho rizon varies in t hickness f r om 1-4 em ac ros s pedon 
fac e . 
The E ho r i z on va ries in thicknes s  from 0 t o  3 em a c r o s s  
pe don face . Ev idenc e o f  s ome E ma t e ri al transp o r t ed through 
cracks in t o  B t  ho rizon . 
SO I L  HOR I ZON 
Vanock� r A 
Il L 
/I l l)  BC I 
BC2 
2C 
Vano..:ke r A 
E 
li t  
11 4 1  IIC l 
UC2 
C L  
2C2  
SO I L  IIOR ! ZON 
Vanncke r A 
ll t  
11 1 9  BC I 
BC2 
2C 
Vanoc ker A 
E 
Bt  
/1 4 1 llC l 
llC 2 
C 1  
2 c :� 
PART I C LE S I ZE  ( % o f  TOTAL) CLAY 
D EPTII --- TOTAL -- -- SAN D FRACT ION --- S I LT FRACT I ON C .  FRAG . RAT IO 
(em)  Sand S i l t C l a y  vc c 
0-tl 34 . 3  3 9 . 3 �G . It 0 . 3 0 . 1  
8 - 1 1  34 . 5  30 . 2  3 5 . 3  0 . 9  0 . 6  
1 1 - 1 7  3 5 . 2  34 . 0  30 . 8  1 . 9 1 . 7  
1 7 - 3 0  2 4 . I 4 2 . 0  JJ .  9 0 . 1 0 . 3 
3 0 - s o+ l l . O 5 6 . 0  ) J  . o  0 . 0  0 .  2 
0- 5 3 7 . 6 4 3 .  1 1 9 . 4 0 . 1 0 . 2  
5 - 7  !, 2 . � 38 . 4  1 8 . 6  0 .  3 0 . 3 
7 - 1 2 4 6 . 6 2o . 4  2 7 . 0  0 . 7 0 . 2  
1 2 - 1 7  . -'16 . 1 2 6 . 6  2 7 . 3  u .  2 0 . 4  
1 7 - '!. 9  4 6 . 4  2 fi . 5  2 7 . 0  0 . 3 O . t1 
2 9 - Lt 6  3 9 . 8  3 2 . 8  2 7 . 0  u .  2 0 . 2 
'• n - t> o+ S t, . 4 2 3 . 4  L!. . 2 0 . 1 0 . 2 
EXTHACTABLE BASES CEC 
C:a Hg 
2 9 . 1 6 . u  
)9 . 6  9 . I  
3 5 . 5  ) . 3  
- -
4 5 . 4 2 . 3 
Na K ( N II40Ac ) pll 
cmo l ( p+) kg- l ___ ( 1 : 1 ) 
. 0  . 4 2 tl . 7  6 . 4  
. 0  . 4 2 8 . 6  7 .  l 
. 0  . 1 "!. 4 . 7  7 . 4  
. 0  . 1 1 9 . 0  7 . 6  
. 0  . 1 1 2 . 0 7 .  7 
. 0  . 5 ) 5 . 5 5 . 9 
-- - -
. 0  . 2 20 . 0  7 . 2  
. 0  . 1 2 () . 2 7 . 5  
. 0  . I  1 7 . 9  7 . 5  
. 0  . l  1 5 . 8  7 . 5  
. 0  . 1  1 1 . 4  7 . 6  
N 
0 . 8  
1 . 4 
2 . 4  
0 . 8  
O . L. 
1 . 5  
1 . 9 
2 . 4  
2 . 2  
'!. . 3  
1 . 6 
1 . 8 
OH 
% 
6 . 0  
3 . 3  
3 . 9  
3 . 0 
2 . 7  
8 . 0  
-
2 . 4 
2 . 7 
2 . 5  
2 . 6  
1 . 8 
F VF c H F % by Vo l. Bt / E  
1 1 . 7  2 1 .  1 1 9 . 5  1 5 .  1 4 . 7 20 
1 5 .  l 1 6 . 4 1 3 . 7  1 0 . 9  5 . 5  3 5 
1 4 . 8  l it .  5 1 4 . 6  1 3 . 3  6 . 0  4 0  
9 . 5  1 1 . 4  2 1 .  9 J !  . . 2 5 . 9  4 0  
4 .  1 6 . 2  2 2 . 6  2 6 . 7  6 . 7 s o  
2 1 . 4 1 4 . 4  2 0 . 8  1 b . 5 5 . 8  
2 4 . 0  1 6 . 4  2 3 . 0  1 1 . 9 3 . 5  -
2 6 . 5  1 6 . 8 1 4 . 4  1 0 . 1 l . Y 3 5  1 . 5 
2 7 . 6  1 5 .  7 1 4 . 1 1 L . 2 1 . 3 4 0 
2 6 . 8  1 6 . 6  1 2 .  1 1 1 . 6 2 .  7 60 
2 3 . 2  1 4 . 6  1 7 . 1  l J .  7 2 . 0  7 5  
3 9 . 0  1 3 . 2  1 1 . 4 1 0 . 2  1 . 9 7 5  
�11 HATER C( lNT ENT RAT I O 
CaCO) RAT I O  . 0 3  HPa 1 . ') HPa l . S HPa 
% CEC/Clay -- % -- to C l a y  
- l .  09 3 0 . 5  1 8 . 3  0 . 69 
3 . 6  . 8 1  2 8 . 9  1 7 .  9 0 . 5 1  
1 6 . 3  . 8 0 3 1 . 9  1 9 . 2  0 . 6 2 
3 2 . 4  . 56 3 4 . 5  2 0 . 7 0 . 6 1  
5 4 . 3  . 36 3 6 . 9  :w . 6  0 . 6 2 
- 1 . 8 3 3 7 . 5  1 9 . 8  1 . 0 2 
- - - - -
1 . 8 . 7 4 2 2 . 6  1 2 .  1 /"? . 4 5 
1 2 . 8  . 7 4 2 7 . 2  1 5 . 8  0 . 58 
20 . 9  . 66 �8 . 5  1 7 . 4 0 . 64 
3 1 . 9  . 58 33 . )  � 0 . 4  0 . 1 4 
3 5 . 7 . 5 1  30 . 5  1 6 . 5  0 .  7 4  
RATI O  
Sa t o  
S i+Cl 
0 . 5 2 
0 . 5 2 
0 .  5!, 
0 . 3 2 
0 . 1 2  
0 . 60 
0 .  7 5  
0 . 8 7 
0 . 8 6  
0 . 8 7 
0 . 6 6 
l . 2 
1--' 0\ .p. 
Taxonomi c Clas s : 
Pedon Descrip t i on : 
1 6 5  
S awdus t - S i te U 2 9  
Loamy-ske l e tal , mixed , ( c al careous ) ,  f r i g i d  Typ i c  
U s t o r thents . 
S awd us t channe ry loam ,  2 0% south- f ac ing s lope , 
asp ec t 1 5 3°N a z imuth , und e r  a very s p a rs e  fores t 
canop y o f  p onderosa p ine a t  1 , 6 2 8  me t e rs 
e l eva t ion ,  NW� o f  Sec t . 3 1 ,  T3 S , R2E , Cus t e r  
Coun ty . ( Co l ors are for dry so i l  unl e s s  o t he rwi s e  
s t a t e d ) . 
· A 0- l Ocm ; dark g ray is h  b rown ( 1 0YR4 / 2 )  channe ry l oam , very dark 
b r own ( 1 0YR2 / 2 ) mo i s t ; weak f ine granular s t ruc t ure ; s o f c ,  very 
f riab le ; 25 % by volume coarse fragmen ts o f  l ime s t one ; common ve ry 
f ine roo t s ; s t r ong e f fe rves cenc e ; mildly alkaline ; c l e a r  wavy 
bo undary . 
AC 1 0- 2 6 cm ;  l i g h t  b rownish g ray ( 1 0YR6 / 2 )  ve ry channe ry clay loam , 
b rown ( 1 0Y R4 / 3 ) mo i s t ; moderate f ine s uba ngular b l o c ky s t ruc t ur e ; 
so f t  ve ry f r iable ; 4 5 %  b y  vo lume f ragmen t s  o f  l ime s t one ; common 
very f ine roo t s ; violent e f f e rvescenc e ; mildly alkaline ; c l ear 
wavy b o unda ry . 
C 2 6- 35
+
cm ; p inki sh g rey ( 7 . 5YR6 / 2 ) ext reme ly f laggy loam ,  b rown 
( 7 . 5 YRS / 2 )  mo i s t ; mas s ive ; sl igh tly hard , f riab le ; 7 0% by volume 
f ragmen t s  of lime s t one ; f ew very f ine ro o ts ; violent 
e f f erve s c e nc e ; mod e ra te l y  alkal ine . 
Taxo nomic Clas s : 
P edon D e s c rip t i on :  
1 66 
S awdus t - S i te # 3 0  
Loamy- s kele tal , m ixed ( calcareous ) ,  f r i g i d , Typ i c  
U s t o rthent s . 
S awdus t f ine sandy l oam , 2 1% south- fac ing s l op e  
a s p e c t 1 68
°
N a z imu th , unde r . a mode r a t e  fo r es t 
c anopy o f  pond erosa p ine a t  1 , 640 me ters  
e leva t io n ,  NW� S ec t .  3 1 ,  T3S , R2 E ,  Cus t e r  Coun ty . 
( Co l o r s  are f o r  d ry s o il unle s s  o t he rwi s e  s ta t ed ) . 
Oe 3-0cm ; p a r t ially decompo s ed and dec omposed p ine needl e s  and g rass 
l i t te r . 
A 0-4cm ; ve ry dark grayis h  b rown ( l OYRJ / 2 )  f ine sandy l oam , black 
( lOYR2 / l )  mo is t ; weak ve ry f ine granula r s t ruc ture ; s o f t , ve ry 
f riable ; 10% b y  volume coarse - f ragmen t s  o f  l ime s t one ; many very 
f ine ro o t s ; s tr ongl y ac id ; abrup t smo o th boundary . 
BA 4 - l l cm ;  b rown ( 7 . 5YR4 / 2 )  very fla g gy f ine sandy loam , dark b rown 
( 7 . 5YR3 / 2 )  mo i s t ; weak f ine s ubangula r  b locky s tr uc ture ; so f t ,  
very f r ia b l e ; 40% b y  volume c oa rs e  f ra gmen ts o f  l imes tone ; many 
very f ine to c ommon med ium ro o t s ; neutral ; abrup t wavy bo undary . 
BW l l - 2 0cm ;  l ight b r own ( 7 . 5YR6 / 4 )  ext reme ly s tony s andy c lay l oam ; 
b rown ( 7 . 5YR4 / 4 )  mo is t ;  mod_era t e  very f ine subangul a r  b lo c ky 
s t ruc t ure ; s l i g h t ly har d , f riab l e ; 80% b y  volum e  coarse f ragme nt s  
o f  lime s t o ne ; few very fine t o  co�mon med ium roo t s ; s trong 
e f f erve s c ence ; mildly a lkal ine ; ab rup t wavy b ound a ry . 
B C  20- 3 3 cm ; b rown ( l OYRS / 3 )  ext remely s t ony f ine sandy loam ,  d a r k  
b r own ( 7 . 5YR4 / 4 ) mo is t ;  weak very f ine granula r  s t ruc ture ; so f t ,  
very friab l e ; 8 0% b y  vo lume c oarse fragments o f  l ime s t one ; f ew 
very f ine t o  c ommon med ium roo ts ; vio lent e f f ervescence ; mildly 
alkal ine ; abrup t wavy boundary . 
C 3 3-45
+
cm ; pale b r own ( 1 0YR6 / 3 ) extremely s t ony loam , b r own 
( l OYRS / 3 ) mo i s t ; mas s ive ; s l i gh t ly hard , f ri ab l e ; 8 0 %  b y  volume 
c oa rs e  f ra gmen t s  o f  lime s tone ; f ew very f ine t o  med i um  roo ts ; 
vio lent e f f e rve s c enc e ; modera t e ly alkal ine . 
SO I L  HOR l ZON 
Sci\�J u s t A 
AC 
1/ 2 9  c 
Sawd u s t  A 
BA 
/1 30 I\IJ 
HC 
(; 
SO I L  HOR I ZON 
Sawd u s t  A 
AC 
/1 29 c 
sm�Jus l A 
BA 
11 '30 Ill� 
I:IC 
c 
PART I C LE S I Z E (% of TOTAL ) CLAY 
DEPTH --- TOTAL --- -- SAND FRACT ION --- S I LT FRACT I ON C .  FRAG . RAT I O  
(em)  Sa nd S i l t  C l a y vc c 
0- 1 0  3 <J . 5  3 b . 6 � 1 . 9  0 . 6  u . s  
1 0- 2 6  30 . 4  4 1 . 2  213 . !. 0 . 6  1 . 2  
2 6 - ) 5+ 2 0 . 6  5 3 . 5 2 5 . 6  1 . 6 I . 8  
0 - 4  5 5 . 4  2 H . 6  1 6 . 0  0 . 3 0 . 4 
4 - 1 1 5 9 . 4  2 2 . 6  1 7 .  5 0 . 3 0 . ) 
l l -· 20 )8 . 5 2 0 . 5 � l . l  0 . 3  lJ .  2 
2 0 - .J L  5 3 . 0  2 0 . ]  :: 1 . 6  0 . 5 0 . 5  
3 2- 4 5+ 4 7 . !.. 3 3 . 7  P1 . l 0 . 0  0 . 0  
EXTRACTABLE BASES CEC 
Ca Mg 
2 6 . 8  5 . 4  
1 5 . 3  3 . 9  
N a  K ( N H40Ac ) p H  
cmo l ( p+ ) kg - 1 --- ( l : 1 )  
. 0  .-4  2 1 . 9  7 . 5  
. 0  . 1  1 1 . 9  7 . 8 
. 0  . l  1 0 . 1 8 . 0  
. 0  . 6  3 1 . 2  5 . 5 
. 0  . 4 1 7 . 9 6 . 8  
. 0  . 2 1 7 . U  7 . 5  
. 0  . l 1 5 . 9  7 . 6  
. 0  . 1 1 0 . 6  8 . 0  
H 
1 . 7 
l . H 
2 . 6  
2 . �  
2 . 4  
l . Y 
2 . 5  
0 . 1  
OH 
% 
5 . 3  
3 . 0  
2 . 0  
!. _ 7 
2 . 7  
1 . 5 
2 . 6  
1 . 3 
F V F  c H F % by Vo l .  Bt / E  
t 8 . 9  1 7 . 9 1 8 . 4  l 4 . J  3 . 8  2 5  
1 3 .  J 1 3 . 6  1 4 .  t, 20 . ) h . 6  4 5  
6 . 8  8 .  1 1 9 . 7  2 6 . 4  7 . 4 7 0  
2 8 . 8  '.!. 3 . 7  1 3 . 7  1 1 . 0 .'; . 0 1 0  
J l . 4 2 5 . 3  I '.!. .  2 8 . ]  2 . �  L,O 
)0 . t 2 5 . 1)  1 2 . 6 6 . 6  1 . 2 HO 
J 3 . 0  2 1 . 4  1 0 .  I 8 . 5  l . d 80 
'27 .  2 1 9 . 5  2 0 . 2  1 0 . 3 3 . 2  80 
Bm WATER CONTENT RATIO 
CaC0 3 RATI O . 03 MPa 1 . 5 HPa 1 .  5 MPa 
% CEC/ C l ay -- % --- to C l a y  
26 . 1 . 9 2 29 . 6  1 5 . 0 0 . 6 3 
4 6 . 5  . 4 2  2 8 . 7  1 5 . 7  0 . 5 5 
4 1 . 0  . 3<J  ) 0 . 7  1 3 . 8  0 . 5 4 
l .  9 5  1 5 . 9  1 9 . 6 l .  2 3 
0 . 3  1 . 02 1 7 . 4 8 . 6  0 . 4 9  
2 . 9  . 8 1  1 8 . 5  9 . 9  0 . 4 7 
1 7 . 6  . 7 L, 2 3 . 9  1 3 . 5  0 . 6 3 
28 . 5 . 5 5  2 3 . 6  1 1 . 8 0 . 6 2 
RAT I O  
Sa t o  
S l +C l  
0 . 6 5 
0 . 4 4 
0 . 2 6 
1 . 3 
1 . 5 
1 . 4 
1 . 4 




A ppen d i x  C 
S i t e  Measur emen t s  
I .  
169 
Ta b le 1 .  S i t e  mea s u r eme n t s . 
t r an s e c t 
e l ev . a s p e c t  % car,opy b a s  a � a g e  s in c e  leng t h  
s •. r- e  � o i l  ( :n )  ( 0N ;;>. Z imu � � )  s lone c ove r. .:>. re.?. ( :� - ;�.c ) ::>-tin ( '!TS ) (m)  
S t ovho 20 7 3  1 7 8 9 5 20 3 2 7 . 7  
2 S to vha 207 3 1 9 9  6 3 2 6 7 3 2 7 . 7  
3 S t avha 2 0 7 3  2 3 8  5 3 7  5 3  3 20 . 9  
� T r e b o r  207 3 2 5 6  1 3 3 9  1 02 3 1 9 . 5  
5 T r e b a r  207 3 2 1 4 8 2 1  4 6  3 3 0 . 5  
6 S t cvha 20 7 3  1 3 1  3 2 4  5 5  3 2 3 . 6  
7 S t avho 20 7 3 1 7 8  5 4 3  9 3  3 2 2 . 2  
8 T r ebar 1 9 5 7 2 1 5  5 7 3 1 4  7 u n t h i nned 2 3 . 6  
9 S t av ha 1 9 5 7  208 8 7 2  1 7  5 2 9  1 9 . 5  
lO T r e b a r  1 9 5 7  2� 1 1 8  7 2  2 3 5  u n t h inned 1 9 . 5  
l l  S t avha i. 9 5 7  200 8 4 3  1 0 3  unth inned 2 2 . 2  
l 2  S t avha 1 9 5 7  208 7 7 1 8 9 2 7 . 7  
1 3  S t avho 1 9 5 1 1 6 5  3 5 1  1 1 0 2 6  1 9 . 5 
l '-!  Tre:,ar 20 1 8  1 2 7 1 7  1 7  4 7  4 3 7 . 3  
1 5 T r eb a r  20 1 8 1 7 3  1 5  1 8 5 3  4 3 6 . 0 
1 6  Tre b o r  2.0 1 8 2 1 0  1 7  3 8  6 8  � 20 . 9  
1. 7  Treb a r  20 1 8 1 8 5 1 3  3 3  7 0 4 1 8 . 1 
1 3  Var.a c h.e r  L 6 1 5 300 i. 7  1 5  23 9 2 9 . 1  
1 9  '!ano c ke r  1 6 1 5  3 1 8 1 8 23 45 9 20 . 9  
20 Van a c k .: r  1 6 2 8 29 5 20 1 0  25 9 27 . 7  
2 1  Van ac ke r  1 6 28  7 3 5  3 2  6 0 9 2 1� .  7 
2 �  Vanac ke r 1 6�0 3 5 5  24  3 2 2 9 24 . 7  
2 3  '/.:1noc k e r  1 64 0  1 5  3 3  24 5 3  9 2 7 . 7  
2 4  Vana c k e r  1 6 1 5  3 20 1 8  2 '3  7 5 1 1  2 5 . 0  
2 5  Vanacker 1 6 2 8 3 0  2 3  3 8  7 4  1 1  2 7 . 7  . 
2 6  Vana c ke r  1 6 28 3 2 1  1 9  3 9  63 1 1 23 . 6  
2 7  Van a c k e r  1 6 28 3 5 1 2 7  4 1  7 2  1 1  2 5 . 0  
2 8  Van a c k e r  1 6 2 8 3 4 7  2 3  4 6  9 0  1 1  1 5 . 4  
2 9 S a.w:i u s t  1 6 28 1 5 3  3 5  1 8 1 0  29 . 1 
3 0 S awdu s t  1 6 4 0 1 6 0  25 2 7 5 2  1 0  1 9 . 5 
3 1  Sa"-•dus t 1 6 4 0 1 6 0 2 5  4 2 2 1 0  20 . 9  
3 2  Sawdu s t  1 6 4 0  1 7 0 1 9  2 5  6 0  1 0  2 2 . 2  
3 3  Sawd us t  1 64 0  1 6 0 36 0 5 1 0  1 9 . 5 
34 Sa-...·d u s t  1 6 3 0  1 3 7 1 0  1 4  2 0  1 0  2 6 . 4  
3 5  Sawdu s t  1 6 2 8 1 2 9 25 2 9 7 3  1 0  26 . 4  
3 6  sa�.Jdus t 1 6 40 1 4 7  3 2  1 8 6 7  1 0  1 9 . 5  
3 7  Sawd u s t 1 6 40 1 3 7 3 2  2 4  6 5  L O  23 . 6  
38 Sawdu s t  1 6 5 2  1 8 5  2 7  4 3 6 7  1 0  1 9 . 5 
3 9  Sawdus t 1 6 5 2  1 48 1 1  3 9  7 0  1 0  1 6 . 8  
4 0  Sawdus t 1 64 0  1 8 0 2 7  1 0  .., ..,  ..... 1 0  2 5 . 0 
4 1  Vana c ke r  1 5 8 5 3 2 4  2 1  6 6  1 3 7  unth inned 1 9 . 5  
4 2  T r e b a r  2030 1 2 5  5 3 9 8 4  1 0  2 6 . 4  
4 3  T r e b o r  2 03 0  2 4  1 1  3 3  7 2  1 0  3 0 . 5  
1 7 0  
Td ::- l e l .  ( c an t . ) 
t ransec t 
e lev . .:1spe c t ., ., c ano p y  basa l a g e  s i nc e  l e n g t h  fo to 
S i t e  So il (m)  (0N a z imu t h )  s l ope cover area ( f t 2 /ac ) th in (�rs ) (m)  
:.4 T r e bo r 2 0 3 0  2 1 8 9 4 5  9 4  1 8 2 2 . 2  
45 S tovho 20 1 8 25 3 1 3  t.8 1 1 4 1 7  27 . 7  
�6 S t ovho 2 0 1 8  2 0 7  1 2  5 7  1 5 3  1 7  2 5  . o  47  Tre b o r  206 6 25 8 1 2  6 2  1 3 9 unt h i nned 1 9 . 5  
48 S t ovho 2 06 0  3 4 0 1 3  4 2  7 1  9 27 . 7  
4.9 Pac t o la C · n  1 5 7 3  1 25 5 1 3  4 2 2 . 2  
50 Pac t a la (�) 1 5 7 3  9 3 1  3 1 2  4 2 2 . 2  
5 1 Pac t a la (N )  1 5 7 3  3 5 7 2 7  9 22 4 1 5 . 4  
5 2  Pac t a la (N)  1 5 7 3  3 5 4 2 2  2 5  5 5  4 1 9 . 5  
5 3 Pac t ola (N ) 1 5 6 0  3 5 0 2 7  2 0  4 0  4 2 5 . 0  
5 4  P ac t o la ( N )  1 5 6 0  3 5 5  2 7  2 1  45  4 2 2 . 2  
5 5  Pac t o l :�.  ( N )  1 5 7 3 2 2  1 6 4 3  l O S  4 2 7 . 7 
5 6  Pac t o la (�I ) 1 5 7 3  3 1 0 1 8  30 5 7 4 1 8 . 1 5 7  P ac t o la t S ) 1 5 2 4 1 48 3 1  3 1 58 5 1 6 . 8  
58 ? ac to la ( S )  1 5 24 1 4 1 2 9  3 9  6 2 5 1 9 . 5 
59 Pac t o la ( S )  1 5 2 4 1 3 3  2 3  1 3  3 0 5 22 • .2 
6 0  ?ac t o la ( S )  ! 5 1 4 1 4 0 2 4  1 1 3 s 2 5 . 0  
6 1 V ir ku la 1 5 1 2 1 0 0  1 2  44 7 8 8 1 6 . 8  62 Vir ku la 1 5 1 2 1 4 9  l l  �4 7 2  8 2 : . 2  
6 3  ·;ir kula 1 5 1 2  1 7 5  1 4 5 .5  1 0 8  8 1 9 . 5  64 ?ac to La ( I ) 1 5 1 2  3 3 9  2 1  6 6  1 0 0  un t h i nned 1 4 . 0  
65 Pac to La < �n 1 5  L 2  3 3 9  1 9  6 7  1 1 5 un th inned 1 5 . 4  66 ?at; t r:> la (�) 1 5 1 2  3 48 19 53 1 0Z 7 1 6 . 8  6 7  Pac t o  l:l ( .n 1 S L 2  3 4 1  : 1  4 1  8 7  7 2 1 . 2  
68 'l i rkula 1 4 6 3  3 0 2  1 0  2 1  3 0 3 22 . 2  6 9  V i r  ku l a  1 4 6 3 2 98 8 3 6  5 3  2 1 2 2 . 2  
7 0  V i r ku l a  1 4 6 3  2 9 3 9 5 1  9 3  2 1  2 2 . 2  7 1  V i r ku l a  1 4 6 3  3 1 0 9 66 105 2 1  2 2 . 2  � ?  I - V i r  kula 1 4 6 3 3 1 9 1 0  4 5  98 2 1  1 6 . 8  
i 3  Vir kula 1 4 63 3 2 0  1 0  48 1 1 5 2 1  1 9 . 5 
7 L.  V i rkula 1 5 3 6 1 2 9 1 7  1 3 1 1  2 2 . 2 
7 5  V i r kula 1 5 24 1 5  1 2  2 7  4 7  1 1  1 6 . 8  
7 6  V i r  kula 1 5 24 1 3  1 3 2S  4 5  l l  1 6 . 8 
7 7  P a c  t a la ( S )  1 5 2 4  1 6 2  3 2  3 8  5 5  l l  1 6 . 8  
78 Pac t o la ( S )  1 5 0 2  1 8 2  28 4 0  8 2  1 3 1 6 . 8  
79 Pac t o la ( S )  1 5 00 1 9 4  2 9  5 2  8 5  1 3  1 5 . 4 
·ao Pac to la ( S )  1 5 0 0  1 9 3  3 0  4 5  8 0 1 3  1 9 . 5  
3 1  Pac t o la ( S ) 1 5 0 0  1 9 5  28 3 7  70 u n t h in �ed 1 5 . 4  
8 2  ?ac to la ( S )  1 5 0 0  1 6 7  3 2  48 1 0 3 1 1  i 5 . 4  
8 3  Pac t o la ( S ) 1 5 0 0  1 6 7  4 0  5 3  7 3  1 1  1 6 . 8  
84 P a c t o la ( S )  1 5 00 1 7 0 3 2  5 6  1 1 3 8 18 . 1  
A ppe n d i x D 
Mul t i p le Reg r es s ions for 
1 9 8 2  and 1 9 8 3  o f  Veg e ta t i on 
Comp onen t Yield s  by So il 
(Adap t ed from Tab les 5 and 6 )  
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Appen d i x  E 
Vascular Plan t Inven t o ry 
Tab l e  1 .  Gramino id invent ory . 
S c i ent ific Name 
Agropyron c aninum 
A .  smi t h i i  
A .  spicatum 
Agro s t is hye�al i s  
Andr opo gon gerard i i  
Bou t e loua cur t ip endul a  
Br omu s c i l ia t us 
B .  por t er i  
B .  pump el li anus 
Carex spp . 
Dant honia int ermed ia 
D .  sp icata 
Deschamp s ia c ae s p i t o s a  
Elymus innova tus 
E .  virginicus 
Fes tuca ovina 
Koe ler i a  c r i s t a ta 
Muhl enbergia rac emo sa 
Ory z op s is asper if o l ia 
0 .  mic ran t ha 
Panicum leibergii  
P .  wilc oxianum 
Phleum a lp inum 
P .  prat ense 
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Pal � 
Comman . Name Rat ing2 
b earded whea tgra s s  P 
wes t ern wheat g ra s s  P 
thicksp ike whea t g r . P 
t icklegras s U 
b ig b lueste� P 
s ide oat s  grama P 
fringed b rome P 
nodding b rome P 
pump e l ly b r ome P 
sedges  P 
t imber oatgrass P 
pover ty oat gras s P 
tuf t ed hai r�ra s s  - P 
fuz zysp ike wildrye P 
Vir g inia wildrye P 
sheep f escue P 
Junegras s P 
green muhly P 
roughleaf r i c e- P 
gra s s  
l i t t les eed r i c egr . 
Leiberg panicum 
Wilcox panicum 
alp ine t imo t hy 









l Abb reviat ions used in Append ix J .  ( S pecies Es t ima t ions by 
S i t e ) . 
2Pala t a b l e  to ca t t le , sheep , and deer . 
1 7 8  
Tab le 1 .  ( c ont . ) 
Pal . 
S cient i f i c  Name Abb r .  Connnan · Name Ra t ing 
Schizachne purpuras c ens S CPU f a l s e  melic p 
Schizachyrium sc opar ium se s e  l i t t l e b lu e s t em p 
Sorgha s t rum nu tans SONU 2  Ind iangras s p 
Sporob o l us hetero lep is SPHE prairie drop s eed p 
S t ip a  c o lumb iana STC03 Co lumb ia need l e - p 
gras � 
s .  richards onii STRI2 Ric hardson need le- p 
gra s s  
s .  spar t ea STSP 2  porcup ine g r a s s  p 
s .  vir idu la STVI4 gr een need legra s s  p 
S i tanion hys t r ix S IHY b o t t l eb ru s h  p 
squirr e l  t a i l  
Tab l e  2 .  Forb inv en tory . 
Sc ient i f ic Name 
Achi llea mi l l e f o lium 
Ago s er i s  g lauc a  
All ium spp . 
Anaphalis marga r i tacea 
Anemone cylind r i c a  
A .  mul t i f ida 
A.  pa t ens 
Ant ennaria spp . 
Ap oc ynum androsaemi f o l ium 
Ara l ia nud icau l i s  
Ar t emi s ia dracunculus 
A .  ludovic iana 
As c lep ias ova l i f o l ia 
A .  pumi la 
A. virid i f lora 
As t er c i l i o la tus 
A .  ericoides 
A .  laev is 
A .  p tarmicoides 
A .  s ib ir icus 
As t r agalus agre s t i s  
A .  alp inus 
A. f l exuosus 
A.  mis s our i ens i s  
Bal s amorhiza sag i t t a t a  
Calochortus nu t talli i 




















AS S I  
ASAG 2 
ASAL 7  
ASFL 




wes t ern yarr ow 
false dand e l ion 
wi ld onion 
pear ly ever las t ing 
cand l e  anemone 
Pac i f i c  anemone 
Amer ican pasqu e f l . 
pus sytoes 
spread ing d o gbane 
wi ld sarsapar i l la 
gr een sagewor t  
cudweed sagewor t  
mountain m i lkwee d  
dwarf milkwee d  
green milkweed 
heath a s t er 
b lue a s t e r 
whi te prairie 
as t er 
S ib erian aster 
everywhere milk­
vetch 
alp ine milkv e t c h  
d e e r  ve t ch 
Mis s our i mi lkv e t c h  
arrowl ea f bal sam­
roo t 
sego-mariposa l i ly 
1 7 9  
Pa l . Rat int 



















































lAbbrevia tions us ed in App endix J .  � p ec ie s  Es t ima t i ons by S i t e ) 
2 c a t  = pa l a t ab le t o  ca t t le , ·s&d = palatab le t o  sheep and d e e r . 
Tab le 2 .  ( c ont . )  
Scient i f i c  Name 
Came l ina microcarpa 
Campanu la ro tund i f o lia 
Cas t illej a spp . 
Cer a s t ium arvense 
Chenopod ium des s ic a tum 
Chryso p s i s  vi llosa 
C i rs ium spp . 
Clema t i s  tenu iloba 
Cony za canadens i s  
De lphinium nu t ta l l i anum 
Desmod ium ca nadense 
Ec hinac ea angu s t i f o l ia 
Ep ilobium angus t i f o l ium 
Er igeron c anu s 
E .  f lage l l ar i s  
E .  glab e l lus 
E. sub tr inervi s 
Ery s imum asperum 
Fragaria spp . 
Ga i llard ia ar is t a t a  
Ga l ium bo rea le 
Gaura c o c c inea 
Gen t ianel la amare lla 
Geranium v i s c o s i s s imum 
G .  b ic knell i i  
Geum t r i f lo rum 




























l i t t les eed fal se­
f lax 
b lueb e l l  
Ind ian p a i n t  b ru s h  
mouse-ear chick­
weed 
goo s e f o o t  
ha i ry g o ldas t e r 
thi s t l e  
pur p l e  virgin ' s  
b owe r 
Canada ho r s eweed 
b lue larks pur 
t i c k  c l over 
b lack samp son 
f i r eweed 
tra i l ing f leabane 
smoo th fleabane 
3- nerved f leabane 
asperum wa l l f lower 
wi ld s trawb erry 
blanket f lower 
twinlea f beds traw 
scar l e t  gaura 
gent:i.<Ln 
s t icky g er anium 
Bickne l l  g eranium 
prairie smoke 
1 8 0  
Pal . Ra t ing 














































Tab le 2 .  ( c ont . ) 
Sc i en t i f i c  Name 
Glycyrrhiza lepido t a  
Gnap hal ium visco sum 
Hedysarum al p inum 
Helianthu s  annuu s 
H .  r i g idus 
Hymenoxy s acau l i s  
Iris mi s s our i en s i s  
Lac tuca ludovici ana 
Lap pula spp . 
La thyru s ochro leucus 
L. po lymorphus 
Lia tris  l i gu l i s t y l i s  
L .  punc ta ta 
L i l ium philadelphi cum 
Linum per enne 
Li thosp ermum inc isum 
Lup inus argen t eus 
Lychn i s  drummond i i  
Lygod esmia j uncea 
Lys imac hia c il iata 
Machaeranthera c anesc ens 
Med icago lup ul ina 
Me l i lo tus o f f ic ina lis 
Monarda f i s tu l o s a  
Mus ineon tenu i f o lium 
Nep e ta cataria 












LAP0 2  
















1 8 1 
Connnan Name 
Pal . Ra t ing 
c a t / s&d 
Amer ic an l i c orice 
s t icky cudweed 
swe e tve t c h  
annual sunflower 
r ig id sunf lower 
s t emle s s  hymen­









b iennial le t tuc e U 
s t ickt i ght U 
cr eam peavine P 
many- s t em p eavine P 
mountain gayf eather P 
d o t t ed gay f eather P 
wood l i ly U 
b lue f lax P 
narrowl eaf gr omwe l l  
s i lvery lup ine 
drummond c hamp ion 
u 
rush skeleton p lant P 
f r inged l oo s e s t r i f e  
hoary mac haeran- U 
thera 
b lack medi c  P 
yel low swe e t c lover P 
hor s emi n t  U 
narrowleaved mus ±n- U 
eon 
ca tnip 
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Table 2 .  ( c on t . )  
Pal . Ra ting 
Sc ient i f i c  Name Abb r . Cornman Name 
cat / s&d 
Or thocarpus lu t eus ORLU yellow owlc lover p p 
Osmorhiza chilens i s  OSMOR swee t  roo t u p 
Oxy trop is seric ea OXSE whi t e  locoweed u u 
Paronychia sess i l i f lora PASE creep ing nai lwort u u 
Pens t emon glaber PEGL sawp e tal pens t emon u p 
Petalo s t emum candid urn PECA whi t e  prairiec lover p p 
P .  purpur eum PEPU6 purp le prairie- p p 
clover 
Phlox hood ii PHHO Hood ' s phlox u u 
Physa l i s  het erophylla PHHE smo o th ground 
cherry 
Polygala alba POAL whi t e  milkwor t u u 
Potent illa conc inna POCO elegant c inqu e f o il u p 
P .  g landulosa POGL9 gland c inque f o i l  u p 
P .  grac il is  POGR9 showy c inqu e f o i l  u p 
P .  hipp iana POHI6 hor s e  cinquef o i l  u p 
Psoralea argophylla P SAR2 s i lver leaf scurf pea p p 
P .  esculenta P SES Ind ian b readroo t  u p 
Rat ib ida co lumn i f era RAC03 upright prai rie  u p 
conef lower 
Rudbec kia hirta RUHI 2  b lac keyed susan u p 
Sanicula mari land ica SAMA2 snaker o o t  sanic le 
S ilene noc tifl ora S INO nigh t-f lower ing u u 
s ilene 
S isyrinchium montanum S IMO b lue-eyed gras s u p 
Smilac ina s t ella ta SMST sp ikenard u p 
Solidago mi s s our i ens is SOMI 2 Mis souri go ldenrod u p 
s .  nemoralis SONE dyersweed g o ld enrod u p 
s .  rigid a SORI2 s t i f f  goldenrod u p 
s .  spec iosa SOSP showy goldenrod u p 
Sonchu s  ulig inosus SOUL3 mo is t sowthis t le u u 
1 8 3  
Tab le 2 .  ( cont . )  
Pat . . Rat ing 
Sci ent ific  Name Abbr . Cornman Name c a t / s&d 
Swert ia rad ia ta SWRA green gent ian u u 
Taraxacum o f f i c inal e  TAOF commo n dand e lion u p 
Thalic trum venulosum THVE veiny meadowrue u p 
Thermo p s i s  rhomb ifolia THRH gold enpea u p 
Tragopogon dub ius TRDU goat ' s  beard u p 
Trifolium hyb r idum TRHY als ike c l over p p 
T .  pra tense TRPR2 red c lover p p 
T . rep ens TRRE3 whi t e  c lover p p 
Verbas cum thapsus VETH common mul l e in u u 
Verbena s tr ic t a  VEST hoary verbena u u 
Vic ia amer ic ana VIAM Amer ican vetch p p 
Viola spp . VIOLA wild vio l e t  u u 
Woods ia ore gana WOOR Oregon woods ia 
Zizia ap t era Z IAP go lden a lexande r  
Zygadenus e legans ZYEL mountain deathcama u u 
1 8 4  
Table 3 .  Shrub invent o ry . 
Pal . Rat ing 2 
S c i ent ific Name Abbr . 1 Cornman Name cat / s&d 
Amelanchier alni f o lia AMAL2 Saskatoon serv- p p 
ice b erry 
Amorpha canescen s  AMCA6 leadplant p p 
Arc tos t aphylos uva-u r s i  ARUV bearberry u p 
Berberis  r ep ens BERE Oregon grape u p 
Betula occ identa l i s  BEOC2 water b i rch 
Ceano thus ova tus CEOV inland c eano t hu s  
Cer coc arpus montanus CEM0 2 mountain mahogany p p 
Juniperus corrnnunis JUC06 commo n j unip e r  u u 
Lonicera d ioica LODI honeysuc kle 
Prunus vir g iniana PRVI common choke- u p 
che rry 
Rhus radic ans RHRA poison ivy u u 
R .  aroma t ica RUAR skunkbush 
Ribe s  odora tum RIOD buf falo currant u p 
R .  mis sour i ense RIMI gooseberry u u 
Ro sa spp . ROSA wild rose u p 
Rubus idea u s  RUID r ed raspberry u p 
Salix bebb iana SABE2 Bebb wil low 
Shepherd ia canadens is  SHCA rus s e t  buf falo- u p 
b erry 
Sp i raea b e tulif o l ia SPBE2 whi t e  sp iraea u u 
Sympho ricarpo s  spp . SYMPH snowb e rry u p 
Yuc ca g lauca YUGL sma ll soapweed p p 
lAbb r evia t ions used in Appendix J .  ( Spec ie s  Es t ima t ions by S i t e ) . 
2ca t = palatab le t o  c a t tle , s&J = pala tab le t o  sheep and d eer . 
A p pe n d i x  F 
Gramino id , Forb , and Shrub Spe c ies 
Occurrence by S o i l  ( 1 98 2 - 1 9 8 3 ) 
Tab l e  1 .  Gramino id presence l on soils inves t iga t ed in 1 98 2  and 
1 98 3 . 
1 8 6  
Spe cies Pac t (N) Pac t ( S )  
Soil  �------------------­
Virk S tov Treb Van Saw 
Agropyron caninum X 
A .  spicatum 
A .  smi t hi i  
Agr os ti s  hyema lis X 
And ropogon gerardii 
Bout eloua cur t ipendula 
Bromu s  pump e ll ianus X 
B .  c i l iatus 
B .  porteri 
Car ex spp . X 
Danthonia int ermedia 
D .  sp icata X 
Descamp sia cae sp i tosa 
Elymus innova tus 
E .  virginicus 
Festuca ovina T 
Koeleria cris tata X 
Muhlenbergia racemo s a  T 
Oryzop s is asperifo lia X 
0 .  n:O.crantha T 
Panicum leibergii 
P .  wilcoxianum 
Phleum alp inum 
P .  pra t ense 
Poa pratensi s  X 
Schizachne purpurasc ens T 
S chizachyrium sc oparium 
Sor ghas trum nutans 
Sporobo lus he tero lep is T 
S t ipa c olumb iana 
S .  richardsonii 
S .  spart ea 
S .  viridula 























X X X T T 
T 
X T X X 
X 
T T X 
T X 
X X X X 
T X T 
T T T X X 
X X X X X 
X X 
X X X 
X 
X T T 
X X X 
T T T 
X X T T X 
X 





X X X T 
X T X 
X t X X 
X T 
X X X X X 
X X X T 
X T T X X 
T T T 
1 )  Es timated c omp o si t ions (b y weigh t )  grea ter than a trace ( T )  o f  
the t o t a l  und er s t o ry o n  any one s i t e within eac h s o i l  i s  indi­
cat ed by an ' X ' . Dashes ind icate abs ence , 
Tab l e  2 .  Forb p resenc e ! on soils inves t igated in 1 98 2  and 1 9 8 3 . 
1 8 7  
Spe c ies 
So il  ·------------------­
Pac t (N )  Pact ( S )  Virk S tov Treb Van Saw 
Achil l ea mi ll e f o l ium X 
Agoseris  glauca T 
All ium spp . T 
Anaphalis margari t ac eae 
Anemone cylindrica 
A.  mul t i f ida 
A. pa t ens T 
Antennar ia spp .· X 
Apocynum andro saemifo lium X 
Ara lia nudicaulis X 
Art emisia  dracunculus 
A. lud oviciana 
Asc l ep ia s  ova l i f o lia 
A .  pumila 
A.  vi ridiflora 
As t er c il io latu s  
A .  laevis 
A .  ericoides  
A .  p tarmi c o ides 
A .  siberi cus 
As tragalus a gr es t is 
A .  alp inus 
A. f lexuosis 
A .  mis sou r i ens is 
Balsamorrhiza sag i tta ta 
Calochortus nut ta l i i  
Camel ina microcarpa 
Campanula ro tund i f o l ia 
Cas t illej a spp . 
Ceras t ium arvense 
Chenopodium d es s ic a tum 
Chrysopsis villosa 
C ircium spp . 
Clematus tenuiloba 
Conyza canad ens is 
Delphinium nu ttallianum 
Desmodium canadens e 
Echinacea angus t if olia 
Epilobium angu s t ifo l ium 
Erigeron canus 



























































































































1 )  Est imated comp o s it ions (by weight ) greater than a trac e (T )  o f  
the total  und e r s t ory o n  any one s i t e  wi thin each s o i l  i s  indi ­




























Tab le 2 .  ( cont . ) . 
Soil 
SEecies Pac t (N) Pac t ( S) Virk S t ov Tr eb Van Saw 
E .  g labellus X T X X X T 
E .  sub trinervi s T T X T 
Erys imum asp erum T 
Fragaria spp . T T X X X T 
Ga illardia a r i s t a t a  T 
Galium boreale X X X X X X X 
Gaura cocc ina T 
Gent ianella amar ella T X 
Geranium vis c o s is imurn T T 
G .  b icknelli T 
Geurn triflorum T T X T 
Glycyrrhiza lep id o t a  X X X 
Gnaphalium v isco surn T 
Hedysarum alpinum T T X X T 
Helianthus annuus T 
H .  r igid us T T X X 
Hymenoxys acaulis T X 
Iris mis s ouriensis T X X X X T 
Lac tuca ludovic iana T T 
Lap pula spp . T 
Lathyrus ochro leucu s X T X X X 
L .  polymorphus X X 
Lesquer ella alp ina T T 
Lia tris  liguli s tylis T T T 
L .  punc ta ta T X 
Lilium phi ladelphi curn T T T T 
Linum perenne T T T 
Li thospermum incisum T 
Lup inus argent eus X T 
Lychnis drummondii T T T T T T 
Lygo desmia j unc ea X 
Lys imachia c iliata T 
Mac haeranthera canescens T T 
Medic ago lupulina T T 
Melilo tus of f i c inalis T X T 
Monarda fis tulosa X X X X 
Mus ineon t enuifolium T T T T 
Nepeta ca taria T 
Ono smodium molle T X 
Orthocarpus lut eus T 
Osmor- hiza c hi l ens i s  T 
Oxytrop is seric ea X T T X T X 
Paronchia ses s i l if lo ra T 
Pens t emon glaber T 
1 8 9  
Tabl e  2 .  ( cent . ) 
Soil  
SEe c i e s  Pac t (N) Pac t ( S ) Virk S tov Treb Van Saw 
Petalo s t emum cand idum X 
P .  purpureum T X 
Phlox hood ii  T T T T X X 
Physalis heter ophylla T T T 
Polygala alb a  T 
Potent il la conci nna T 
P .  g l3;ndulosa T T T T T T T 
P .  g ra c i l i s  X T 
P .  h ippiana T T 
Psoralea argophylla X X T X 
P .  esculenta T X 
Rat ib ida co lumn i f era T 
Rudbeckia hirta T T T T 
Sanicula mar ilandica T T 
S il ene noc t i f lora T 
S i syrinchium mon tanum T T T 
Smilac ina s t ellata X X X X T X T 
Sol idago mis sour i ensi s  T X X X X X T 
s .  nemora l i s  T X T T T X 
s .  rig  ida X X T 
s .  specie sa  T T 
Sonchus uligino sus T T 
Swer tia radiata T T 
Taraxacum o f f i c i nale  T T T 
Thalictrum venulo sum T 
Thermopsis rhomb i f o lia X T 
Tragapogon dub iu s  T T T T T T T 
Trif o lium hybridum T 
T .  pratense T 
T .  rep ens T X X 
Verbascum thapsus T T 
Verbena stricta T T 
Vic ia amer icana T T X X X X T 
Vio la spp . X T T X X T 
Woods ia oregana T T T 
Ziz ia ap tera T T 
Zygadenus e legans T T X 
) 
Tab le 3 .  Shrub �resence l on soils inves t igated in 1 98 2  and 1 98 3 . 
1 90 
S o il ------------------­
Species Pac t (N) 
Ame lanchi er alnifo l ia X 
Amo rpha canescens X 
Arc to s tap hylos uva-ur s i  X 
Berber is repens 
Betula occ identali s  T 
Ceano thus ovatus 
Cercocarpus mon tanus 
Juniperus communi s 
Lonicera di oica 
Prunus virg iniana 
Rhus radicans 
R. aromat ica 
Rib es oderatum 
R .  mi ssouriens e 
Ros a  spp . 
Rubus ideanus 
Salix b ebbiana 
Shepherdia canadens i s  
Spiraea b e tulifolia 
Symp horicarpo s spp . 






























































1 )  Es timat ed compos� t�ons (by weigh t )  greater than a t race (T)  of 
t he total unders tory on any one s i t e wi thin each so i l  is indi­









A p pe n d i x  G 
Pala tab le Forb Compo s i t ion ( 1 98 3 ) 
) 
1 9 2  
Tab le 1 .  Percen t palatab le forbs for  c a t t le ( from 1 98 3  species  
e s t ima t i ons ) . 
Site  
5 0  
4 9  
5 1  
53 
5 4  
5 2  
5 6  




6 5  
6 0  
5 9  
57  
8 1 




8 2  








6 1  
6 2  
7 2  
7 3  
70  
6 3  
7 1  
% o f  t o ta l  under s tory 
canopy % % pal .  % 





PN 2 1  
PN 25 
PN 3() 
PN 4 1  
PN 43 




P S  1 3  
P S  3 1  
P S  3 7  
P S  3 8  
P S  3 9  
P S  4 0  
P S  4 5  
P S  4 8  
P S  52 
P S  5 3  
P S  5 6  
VR 1 









VR 5 5  




1 9  
1 2  
2 2  
5 . 5 
2 . 5 
1 1  
1 
1 
0 . 5  
4 . 5  











1 2  
4 
3 5  
4 7  
10 
7 
2 3  
1 3  
1 0  
8 
4 
2 5  
2 
3 
1 8  
1 4  
1 5  
28 
1 9  
2 6  
1 3  
5 .  5 . 
1 7  
7 
4 . 5 
3 
1 0  
3 3 . 5  
3 7  
2 1 
1 4  
1 2  
1 2  
20 
4 3  
2 0 . 5  
1 6  
1 7  
49 










1 8  
44  
5 7  




4 2  
45 
65  
1 4  
2 
2 
4 5  
7 6  
5 1  
1 4  
2 1  
5 0  
2 1  
1 5  
1 4  
1 0  
7 5  
2 4  
7 1  










1 7  
x pal . 2 x o f  
by cover cover 
6 1  1 4  
5 2  3 8  
6 1  7 
2 7  40 
7 4  1 1 
4 1  3 9  
1pN Pac tola ( north aspec t ) , P S  = Pac tola ( s outh a s p ec t ) , VR = Virkula , 
ST  S tovho , TR = Trebo r , VA = Vanacker , SA = Sawdus t .  
2spar s e  canopy cover c la s s  = 0 - 2 5 % . 
Mod erate canopy c over class  = 26-50% . 
1 9 3  
Tab le 1 .  ( cont . )  
% o f  total und erstorz 
� pa l . 2 canopy % % pal . % X o f  
S i te soil  c ov er Eal . forbs tota l  forbs o f  for b s  b y  c over cover 
1 ST 5 1 8  20  60  
1 2  ST 7 6 1 5  4 0  5 5  1 2  
6 ST 24 1 0 . 5  1 6  6 6  
2 ST 32 1 2 . 5  24 5 2  
3 ST 3 7  7 . 5 1 9 3 9  
48 ST 4 2  1 2 . 5  2 1 . 5  58 5 5  4 1  
7 ST  43  1 5  2 1  7 1  
1 1  ST 4 3 1 7  3 2  5 3  
45 ST 48 1 7 . 5  3 1  56  
1 3  ST 51 1 5 . 5  3 6  4 3  
4 6  ST 5 7  1 4 . 5  3 0  48 
9 ST 7 2  2 1  2 2  95  
14  TR 1 7  1 9  3 5  54 
15  TR 1 8  1 2  20  60 5 3  1 8  
5 TR 2 1  1 5  3 2 . 5  � 
1 7  TR 3'3 1'0 1 4  7 1  
43 TR 3 3  7 . 5 1 4  53  
16  TR 38  9 . 5  1 7  5 6  5 5  38  
4 TR 3 9  7 . 5 1 5  5 0  
4 2  TR 3 9  3 5 6 0  
4 4  TR 45  3 . 5 9 2L 
4 7  TR 6 2  8 30 27  
1 0  TR 7 2  0 . 5  0 . 5  1 00 6 4  
8 TR 7 3  0 
2 2  VA 3 1 1 . 5  48 25  
20 VA 1 0  3 2 . 5  3 7 8 9  
1 8  VA 15  1 7 . 5  26  67  
1 9  VA 23 8 1 6  50 4 6  1 6  
24 VA 2 3  1 7  5 7  3 0  
23  VA 24  7 . 5 45 1 7  
2 1  VA 3'2 u;- 64 4 1  
25 VA 3 8  2 2  4 2  5 2  
2 6  VA 3 9  1 3  44 3 0  3 1  3 9  
27 VA 4 1  7 3 0  2 3  
28 VA 46 5 5 1  1 0  
41 VA � 4 7  5 7  8 2  
Table 1 .  (cant . )  
% o f  to tal 
canopy % 
S i te s o i l  cover pal . £orbs 
3 3  SA 0 1 5 
29 SA 1 8 
3 1 SA 4 1 5 
40 SA 1 0  3 5  
3 4  SA 1 4  8 
3 6  SA 1 8  7 
3 7  SA 2 4  2 2  
3 2  SA 2 5  4 7  
3 0  SA 2:7 10 
3 5  SA 29 2 2  
3 9  SA 3 9 1 3  
38 SA 4 3  1 3  
understorz 
% pal . % 
total forb s o f  forbs 
25 . 5  3 1  
1 3  6 2  
2 1  7 1  
4 4  80  
1 5  5 3  
1 0 . 5  6 7  
2 6  8 5  
6 2  7 6  
29  34 
3 0  7 3  
27 48 
5 7  2 3  






X o f  
c over 
1 2  
3 5  
Appe nd i x  H 
Adj us t ed Means o f  Vegetat ion 
Comp onen t s  by S i t e  
( 1 9 8 2- 1 9 8 3 ) 
1 96 
1 . .1 -· : � I vJ j I S t t! d  1 93 2  y i  e L�1 ·.�!f..' -.us (in gms / p l o t  oven-d::-y ) . 
Gr·ami. n o ::.d �orb Shrub To ta l 
S !. te .:- o j.l ;-:-:.er.1 n 11ea n mean mean _ __ . _ .,._,.. ,.,.. .... 
1 S t ovho 2 1.� . 8 1  1 �� . 1 8  5 . 44 44 . 43 
2 S t ovho L l . l 9  {, . 4 9  4 . 6 3 2 6 . 3 1  3 S t ovho 4 . 98 7 ., •') "' ... .. � 6 . 6 4 1 3 . 8 4 4 11.ebor . 9 0 . 08 4 . 8 2 6 . 8 5 
5 T r  bo r b . 7 !+ 3 . 36 5 . 8 1  1 7 . 9 1 6 : tovho 2 6 . J S 4 .  \�9 3 . 5 8 3 4 . 9 2 
7 :' t ovho 6 . 80 l .  5 7  2 . 1 2 1 0 . 4 9 
8 Trebo r 0 . 3 3  0 . 00 4 . 4 3 4 . 7 6 
9 S t ovho 1 . 4 1  f) , C'O 1 . 09 2 . 5 0 
1 0  Trebor 0 . 00 'J . OO 3 . 04 3 . 04 
1 1  S tovho 6 . 1 7 \" . .  & .  4 . 24 1 1 . 2 8 
1 2  S tovho 3 6 . 3 1 4 .  1 6  6 . 38 4 6 . 8 5 
1 3 S t ovho 5 . 23 '-+ . 1 6 2 . 96 1 2 . 3 5 
1 4  Trebor 6 . 80 7 , 45 2 6 . 2 1 4 0 . 46 
1 5  Trebor 8 . 5 7 <..; . 4 2 5 . 3 9 38 . 30 
1 6  Treb or 6 . 90 _ . 0 1  1 4 . 9 3 2 4 . 8 4 
1 7  Tr ebo r 1 4 . 4 1 J . 9 3 1 3 . 7 2 3 2 . 06 
1 8  Vanacker 9 . 5 7 3 . 04 1 .  8 1  1 4 . 42 
1 9  Vanacker  4 . 44 2 06 2 . 4 2 8 . 9 2 
2 0  Vanacker 6 . 66 7 .  16 1 .  6 7  1 5 . 3 9 
2 1  Vanacker 2 . 43 1 3 . 0 3 4 . 3 0 1 9 . 7 6 
22 Vanacker 1 3 . 3 1 7 . 4 6 5 . 3 6 2 6 . 1 3  
23 Vanacker 6 . 55 6 . 5 4 2 . 3 6 1 5 . 4 5 
24 Vanac ker 2 . 1 0 4 . 6 1  2 . 7 7 9 . 48 
25 Vanacker 4 . 23 3 . 5 5 4 . 5 6 1 2 . 3 4 
2 6  Vanacker 2 . 28 2 . 8 0  3 . 5 8 8 . 66 
2 7  Vanac ker 3 . 7 2 3 . 4 1  4 . 8 2 1 1 . 9 5 
2 8  Vanacker 0 . 7 8 4 . 7 2 2 . 7 1  8 . 2 1  
29 Sawdus t 1 5 . 2 5 2 . 8 1  0 . 00 1 8 . 06 
30 Sawdus t 3 . 6 7 0 . 68 1 . 2 0 5 . 5 5 
3 1  Sawdus t 1 2 . 4 7 1 .  8 9  0 . 00 1 4 . 3 6 
32 Sa.r.Ndus t  1 . 5 0 1 . 1 4 0 . 00 2 . 6 4 
33 Sawdus t 1 3 . 9 4 3 . 06 o . oo 1 7 . 00 
34 Sawd u s t  9 . 8 2 1 . 80 0 . 24 1 1 . 8 6 
3 5  Sawdust 3 . 5 1  0 . 74 0 .. 00 4 . 25 
3 6  Sawdus t 4 . 3 8 1 . 03 0 . 00 5 . 4 1  
3 7  Sawd us t  6 . 5 6 0 . 45 0 . 0 9 7 . 1 0 
3 8  Sawdu st 5 . 1 0 1 . 7 8 0 . 00 6 . 8 8 
3 9  S awdus t 3 . 2 5 1 . 4 2 0 . 48 5 . 1 5 
40 Sawdu s · 1 1 . 1 6 2 . 7 6 0 . 00 1 3 . 9 2 
4 1  Vanocker 0 . 5 4 0 . 7 2 0 . 6 0 1 . 8 6  
4 2 Tr eba r 1 . 6 5 1 . 1 0 1 0 . 4 1 1 3 . 1 6 
4 3  Tre bo r 5 . 6 2 1 . 6 3 1 7 . 7 2 2 4 . 9 7 
44 Treba r 0 . 4 2 0 . 7 9 7 . 8 0  9 . 0 1  
1 9 7  
Tab le 1 .  ( cont . )  
Graminoid Forb Shrub Total 
S i t e  So i l  mean mean mean mean 
4 5  S tovho 4 . 48 1 . 7 1 . 4 . 1 9 1 0 . 38 
4 6  S tovho 2 . 25 1 .  29 3 . 4 9 7 . 03 
47  Trebo r  0 . 7 8 1 . 4 5 3 . 02 5 . 25 
4 8  S tovho 1 6 . 9 4 5 . 5 1  1 8 . 9 0 4 1 . 3 5 
4 9  Pac t o la ( N )  5 . 1 6 3 . 9 5 3 6 . 7 6 45 . 8 7 
s o  Pac t o la (N)  4 . 1 6 2 . 9 0 54 . 54 6 1 . 60 
5 1  Pac to la (N)  5 . 7 7 6 . 3 1  48 . 5 6 60 . 64 
5 2  Pac t o la ( N )  4 . 6 2 4 . 4 6 1 8 . 9 8 28 . 06 
5 3  Pac to la (N)  5 . 8 1 8 . 7 1  35 . 3 7 4 9 . 8 9 
54 Pac t o la (N)  20 . 50 2 . 7 0 1 8 . 8 7 4 2 . 07 
55 Pac t o la (N) 4 . 4 2 3 . 1 7  1 4 . 7 2 2 2 . 3 1  
56  Pac t o la ( N )  1 0 . 2 4 2 . 1 3 1 7 . 9 5 3 0 . 3 2 
5 7  Pac tola ( S )  8 . 96 4 . 7 6 1 . 8 2  1 5 . 24 
58 Pac t:ola ( S ) 5 . 95 0 . 5 9 0 . 1 5 6 . 69 
5 9  Pac tola ( S )  1 9 . 00 8 . 3 5 1 . 9 1  2 9 . 2 6 
60 Pac t o la ( S ) 2 5 . 1 2 5 . 6 1 9 . 54 4 0 . 27 
6 1  Virkula 1 3 . 43 4 . 08 2 . 06 1 9 . 5 7 
6 2  Vir kula 7 . 6 2 2 . 5 5 1 . 58 1 1 . 7 5 
6 3  Vir kula 6 . 06 0 . 23 0 . 00 6 . 29 
64 Pac t o la ( N ) 2 . 4 9 0 . 2 6 7 . 6 2 1 0 . 3 7 
65  Pac tola ( N) 1 .  98 0 . 1 1  1 3 . 58 1 5 . 6 7 
66  Pac t o la (N)  3 . 8 4  0 . 3 6 1 0 . 5 6 1 4 . 7 6  
6 7  Pact o la (N)  3 . 7 5 0 . 4 2 1 4 . 25 1 8 . 4 2 
68 Vir kula 9 . 63 1 1 . 25 2 . 1 3 2 3 . 0 1 
6 9  Vir kula 1 0 . 4 9 7 . 6 1 0 . 3 1  1 8 . 4 1  
70  Vir kula 4 . 50 4 . 5 5 0 . 58 9 . 6 3 
7 1  Virkula 4 . 1 6 0 . 7 5 0 . 00 4 . 9 1 
7 2  Vir kula 5 . 8 5  2 . 48 0 . 40 8 . 7 3 
7 3  Vir kula 4 . 5 2 . 2 .  9 5  1 . 4 9  8 . 96 
74  Vir kula 1 6 . 1 6  1 3 . 85 7 . 4 1 3 7 . 4 2 
7 5  Vir kula 25 . 7 4 7 . 3 3 4 . 08 3 7 . 1 5 
7 6  Vir kula 2 5 . 8 7 5 . 1 5 3 . 64 3 4 . 66 
7 7  Pac t o la ( S )  5 . 43 1 . 94 2 . 2 7 9 . 64 
78  Pac to la ( S ) 5 . 58 0 . 06 0 . 6 6 6 . 30 
7 9  Pac t o la ( S ) 3 . 3 0 0 . 7 4 2 . 2 1 6 . 25 
8 0  Pac t o la ( S ) 3 . 63 0 . 00 3 . 48 7 . 1 1 
8 1  Pac t o la ( S ) 4 . 05 0 . 9 0 2 . 5 3 7 . 48 
8 2  Pac t o la ( S ) 2 . 1 9 0 . 3 1 0 . 00 2 . 50 
8 3  Pac to la ( S ) 3 . 4 2 0 .  7 9  1 . 2 6 5 . 47 
84 Pac t o la ( S ) 2 . 7 0 0 . 1 9 0 . 4 3 3 . 3 2 
1 98 
Tab l e  2 .  Adj us t ed 1 983  yield means ( in gms / p l o t  oven-dry) . 
Gramino id Forb S hrub To t al 
S i t e  S o il mean mean mean mean 
1 S t ovho 1 1 . 6 1 5 . 98 2 . 8 1 2 0 . 4 0 
2 S t ovho 6 . 48 2 . 28 2 . 08 1 0 . 84 
3 S t ovho 3 . 74 1 . 42 3 . 40 8 . 5 6 
4 Trebor  0 . 35 0 . 32 4 . 05 4 . 7 2 
5 Trebor 2 .  75 2 . 8 2  4 . 5 3 1 0 . 1 0  
6 S t ovho 1 2 . 64 2 . 34 1 .  7 0  1 6  . •  6 8  
7 S tovho 4 . 95 2 . 0 3 3 . 99 1 0 . 9 7 
8 Trebor 0 . 8 3 0 . 00 4 . 1 6 4 . 9 9 
9 S tovho 0 . 9 5 0 . 4 1  1 .  0 6  2 . 4 2 
1 0  Trebar 0 . 00 0 . 00 3 . 35 3 . 35 
1 1  S tavha 4 . 30 2 . 2 7 2 . 1 3 8 . 7 0 
1 2  S t avho 30 . 9 6 4 . 6 4 2 . 8 2 38 . 4 2 
1 3  S t ovho 4 . 9 5 3 . 7 6 3 . 5 1  1 2 . 22 
14  Trebor 2 . 65 5 . 48 9 . 9 1 1 8 . 04 
1 5  Trebar 4 . 0 2 3 . 8 5 1 7 . 7 1 2 5 . 5 8 
1 6  Trebar 3 . 9 2  2 . 2 2 6 . 8 0 1 2 . 94 
1 7  Trebar 1 2 . 7 7 2 . 06 7 . 9 8 2 2 . 8 1 
1 8  Vanacker 6 . 36 2 . 7 2 2 . 28 1 1 . 36 
1 9  Vanac ke r  2 . 7 6 0 . 9 0 2 . 2 7 5 . 9 3 
· 20 Vanacker 3 . 6 5 2 . 4 5 l .  7 5  7 . 85 
2 1  Vanac ker 0 . 7 4 3 . 1 7  2 . 1 2  6 . 03 
22 Vanacker 5 . 94 6 . 1 7 3 . 2 4 1 5 . 89 
? "  _ ..j  Vanacker 2 . 9 7 3 . 2 1 2 . 2 3 8 . 4 1 
24 Vanacker 1 .  4 9  3 . 1 7  2 . 23 6 . 89 
25 Vanacker 1 . 29 2 . 5 1  3 . 4 1 7 . 2 1 
26  Vanacker 0 . 9 7 1 . 3 1 1 . 96 4 . 24 
2 7  Vanacker 1 . 1 2 1 . 2 1 2 . 2 8 4 . 6 1 
28  Vanacke r 0 . 06 1 . 6 2 2 . 38 4 . 06 
2 9  Sawdus t · 5 . 94 1 . 05 0 . 00 6 . 9 9 
30 S awdus t 1 .  0 1  0 . 5 2 0 . 32 1 . 8 5 
3 1  Sawdus t 5 . 65 1 . 5 5 0 . 00 7 . 20 
3 2  S awdus t 0 . 69 . 1 . 25 0 . 00 1 . 94 
33 S awdus t 4 . 98 1 . 7 1 0 . 1 6 6 . 85 
34 S awdus t 6 . 50 1 .  25  0 . 48 8 . 23 
35 Sawdus t 1 . 80 1 . 03 0 . 00 2 . 8 3 
36  Sawdus t 3 . 5 1  0 . 5 3 0 . 00 4 . 04 
3 7  S awdus t 2 . 26 0 . 90 0 . 00 3 . 1 6  
38 S awdus t 1 .  1 9  1 .  65  0 . 00 2 . 84 
39  Sawdus t 0 . 7 4 0 . 44 0 . 48 1 . 66 
40 S awdus t: 2 . 1 8  1 .  9 2  0 . 48 4 . 58 
4 1  Vana cker 0 . 1 2 0 . 5 6 0 . 64 1 . 3 2 
4 2  Treb o r  1 . 1 2 1 . 83 1 0 . 9 2 1 3 . 8 7 
4 3  Tr ebo r  5 . 28 1 . 4 9 8 . 1 8 1 4 . 9 5 
44 S t ovha 0 . 6 1 0 . 8 1 8 . 78 1 0 . 20 
1 9 9  
Tab le 2 .  (cant . ) 
Gramino id Fo rb Shrub To tal 
S ite  S o il mean mean mean mean 
45 S tovho 2 . 86 2 . 22 3 . 5 1  8 . 59 
4 6  S t ovho 0 . 88 1 . 7 3 4 . 3 1 6 . 9 2 
4 7  Trebor 0 . 6 2 1 . 1 8 3 . 08 4 . 88 
. 48 S tovho 1 2 . 2 1  4 . 33 9 . 6 1  2 6 . 1 5  
4 9  Pac tola ( N )  7 . 2 7 4 . 06 2 7 . 1 7  38 . 50 
s o  Pac tola ( N )  1 . 29 5 . 23 2 7 . 05 3 3 . 5 7 
5 1  Pactola ( N )  3 . 1 4 4 . 1 3 2 5 . 46 3 7 . 7 3 
5 2  Pac to la ( N) 5 . 9 5 3 . 0 1 4 . 04 1 3 . 00 
5 3  Pac t o la (N) 3 . 4 2 4 . 2 7 1 0 . 1 2 1 7 . 8 1 
54 Pac t o la (N )  9 . 58 3 . 1 6 6 . 5 5 1 9 . 29 
5 5  Pactola (N)  1 . 7 7 2 . 5 5 1 2 . 4 5 1 6 . 7 7  
5 6  Pac tola  ( N ) 3 . 5 3 1 . 9 2 1 1 . 6 1 1 7 . 06 
5 7  Pac t ola ( S ) 3 . 25 2 . 28 1 . 7 5 7 . 2 8 
5 8  Pac t.o la ( S )  4 . 35 0 . 5 9 0 . 3 2 5 . 2 6 
5 9  Pac t o l a  ( S )  9 . 34 4 . 44 0 . 9 6 1 4 . 74  
60  Pac tola ( S )  1 1 . 1 0 1 . 1 9 7 . 1 8 1 9 . 4 7 
6 1  Virkula 6 . 7 1 4 . 1 1  l .  74 1 2 . 5 6 
6 2  V i r  kula 6 . 7 1 3 . 6 3 2 . 6 2 1 2 . 96 
6 3  Virkula . 3 . 4 7 0 . 20 0 . 1 6 3 . 83 
64 Pactola (N)  1 . 88 0 . 24 3 . 50 5 . 6 2 
65  Pac t ola (N ) 0 . 73 0 . 1 2 4 . 04 4 . 89 
66  Pac tola ( N )  3 . 9 6 0 . 60 3 . 30 7 . 86 
6 7  Pactola ( N ) 1 . 2 7 0 . 2 8 5 . 44 6 . 99 
68 Virkula 6 . 44 9 . 7 2 1 .  4 3  1 7 . 5 9 
69  Virkula 6 . 1 6 5 . 5 7 0 . 69 1 2 . 42 
7 0  Vi rkula 3 . 30 3 . 5 7 0 . 90 7 . 7 7 
7 1  Vi rkula 2 . 26 0 . 4 9 0 . 1 6 2 . 9 1 
7 2  Vir kula 4 . 2 9 1 .  20 0 . 96 6 . 45 
7 3  Vir kul a  6 . 4 9 1 . 88 1 . 4 9 9 . 8 6 
74 Virkul a  1 8 . 7 8 1 6 . 00 2 . 8 1 3 7 . 5 9 
7 5  Vir kula 1 8 . 1 9  3 . 00 2 . 55 2 3 . 7 4 
7 6  Vir kula 1 3 . 08 2 . 5 5 1 . 69 1 7 . 32 
7 7  Pac tola ( S ) 5 . 76 1 . 34 1 .  7 0  8 . 80 
7 8  Pac tola ( S ) 3 . 30 0 . 6 5 1 . 4 9 5 . 44 
7 9  P ac tola ( S ) 1 . 1 2 0 . 6 3 2 . 09 3 . 84 
80 Pac tola ( S )  1 . 8 2 0 . 6 9 2 . 0 2 4 . 5 3 
8 1  Pac t o la ( S ) 2 . 04 0 . 9 2 2 . 24 5 . 20 
82  Pac tola ( S ) 1 . 05 0 . 9 3 0 . 1 6 2 . 1 4 
8 3  Pac t o la ( S )  2 . 4 2  0 . 6 3 1 . 1 1  4 . 1 6  
84 Pac t o la ( S ) 1 . 5 5 0 . 44 0 . 6 9 2 . 68 
